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Preface 

T he dream of a chemical agent %yhich will destroy patho- 
genic microorganisms tvithin the body and which at the 
same lime is harmless to the body organism has been a guiding 
force of a host of medical scientists for many decades. Ehrlich 
had it and was indefatigable in his laboratory in the search for 
such a medicament, finally bringing forth salvarsan, which with 
its modification, neosaU'arsan, is still a standard treatment for 
syphilis. 

No other significant chemotherapeutic addition to the arma- 
mentarium against disease made its appearance until prontosil 
and then sulfanilamide burst fortlt with dazzling brilliance. 
The chemicals trere not new; they had been known since 1908, 
but heretofoie np one had discovered tliat they had a vital 
therapeutic rdle. Once this discovery was made, however, the 
sulfonamides began to dominate medical literature as, one after 
another, new members of the family uere developed. So in- 
tense, indeed, has been the interest of ilie profession in this 
new and potent group of drugs that it has been unusual in the 
past five years to pick up a medical journal witliout finding an 
article about or some reference to them. 

Unfortunately, hou’ever, destructive as the sulfa drugs are to 
certain pathologic organisms, they do not fulfill the second re- 
quirement of an ideal chemotherapeutic agent, that of being 
harmless to the human host. All of the sulfa drugs ha\e toxic 
properties in varying degrees and their use calls for the art of 
medicine to at least as high a degree as with any other thera- 
peutic agent. Also, it must be constantly remembered that they 
are not cure-alls. It is with the intention of pointing out the 
o£ ihe swlConamides and to empbasrie their limita- 
tions and their toxic properties that this book, has been written. 

Sincere thanks are hereby giten to tlie many authors and to 
the medical journals which have so kindly consented to quota- 
tions from their articles. 


Frederick C. Smith. 



Foreword 


F rom time to time discoveries are made which are epochal 
in nature, exerting a far-reachtng influence on medical 
practice. The discovery of the sulfa drugs was an event of this 
nature. \V'ith their advent a whole group of infections— notably 
those due to the pneumococci and certain forms of streptococci— 
came under reasonable control for the first time. 

Since the appearance of sulfanilamide a host of biochemists 
and other scientific workers have been engaged in bringing out 
successive and improved types of sulfa preparations. Each new 
product has increased the general usefulness of the sulfa prepara- 
tions, until now many infections are being successfully treated, 
which only a few years ago were almost invariably fatal. 

The tremendous interest that the sulfa drugs have aroused 
has been productive of an enormous volume of literature dealing 
with various aspects of the subject. Many of the contributions 
have been thoughtfully prepared and scientifically controlled. 
Others, again, have set forth conclusions too often premature 
and not based upon careful investigative procedures. It is timely, 
therefore, that someone possessing a critical point of view should 
anal^-ze the current literature on the sulfa drugs and present in 
a systematic way the practical results of this great volume of 
investigation. 

Dr. Smith has undertaken such a task, the result of which is 
this volume. It represents the painstaking and critical analysis 
of our present knowledge of the sulfa preparations. An enor- 
mous amount of data has been sifted and the conclusions should 
prove unusually worthwhile to those who are engaged in the 
practice of medicine. 

As is the case with all activ'e preparations, the sulfa drugs, 
although capable of almost unbelievable good, are not without 



their dangers. The toxic effects of these drugs, which in a number 
of instances Jiave pros ed fatal, have not been sufficiently stressed 
and are often overlooked by those who use sulfa drugs heed- 
lessly. In this volume, both the dangers of the sulfa drugs, as 
well as the particular indications for their use, are stressed, so 
that any thoughtful reader should be able to obtain a good idea 
of the uses and abuses of these justly popular but potent thera- 
peutic agents. 

The author is to be congratulated upon making available to 
the medical profession such a well-considered review of this 
much discussed but often poorly understood stibject. 

George Morris Piersol, M.D. 
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Part I 


General Information 
Concerning the 
Sulfonamides 



Introduction 


C HEMOTHERAPY with the sulfonamide drugs, the so- 
called sulfa drugs, has been hailed by many as the greatest 
advance ever made in Medicine. Whether one concedes that 
this is the greatest advance might be open to question, for cer- 
tainly the divorcing of Afedicine from the sorcery and witch- 
craft of the Middle Ages, the discovery of the circulation of the 
blood by Harvey, the introduction of general anesthesia into 
surgery by Morton, the discovery of insulin by Banting, and 
many other milestones in medical history all have been great 
advances. None the less, sulfonamide therapy ranks high among 
medical discoveries and may easily constitute one reason for 
making the 20tli Century an era to be remembered for ages 
to come. 

The sulfonamides are saving thousands of lives that formerly 
were lost and much morbidity is being eliminated by them, but 
these very properties of the drugs bring new problems to the 
practice of medicine. The drugs cannot safely be administered 
in a hit-or-miss manner any more than can other potent reme- 
dies. Their very potency bespeaks toxic properties, some of 
them being more toxic tlian others, and, in fact, often the 
margin of safety between therapeutic effect and toxic reaction 
is not very great. The result of tliis is that the patient receiving 
sulfonamide therapy must be kept under a closer medical 
supendsion than with most other remedies. 

Many have felt that the range of effectiveness of the sulfona- 
mides is so great that much of the burden of diagnosis has been 
eliminated, that in effect the)' constitute a cure-all- Far from 
this being the case, even though any member of the sulfonamide 
group may strike at the cause of several different diseases, ac- 
curate diagnosis remains just as important as e\er, and some- 
times even more so. Sulfapyridine, for example, is an effective 
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agent against pncwmococcal pneumonia, but neither it nor any 
other sulfa drug has any effect against virus pneumonia nor 
against influenzal pneumonia. Pneumonia is a rapidly killing 
disease with a very high mortality rate, and if one is satlslted 
in knowing that pneumonia is present without knowing the 
khtd of pneumonia and depends upon sulfa drugs in etcry case 
of pneumonia, lie will condemn many too tnjstful patients to 
untimely graves. 

Neither do the sulfa drugs lend themselves to self-medication 
by the laity, although articles have ap|>carcd in magazines w-hich 
gave the impression that sulfonamides have eliminated the 
need for medical supervision. Writing on this subject edito- 
rially,! the author made the following comments: 

The dangers of scif-medication by the laity have been stressed 
from time immemorial by the medical profession, but the jiopu- 
larity and widespread use of the sulfonamides make such warn- 
ings more important than ever. A popular lay imtcr some 
months ago proclaimed that gononhea Is now conquered and 
all one has to do is take a few cents worth of stillathiazole. A 
lady recently called (he writer and s.ai<l her husband had had 
a diagnosis of pneumonia but refused to go to bed or get medi- 
cal attention and would it be all right to give lum sutfap^'ridine 
A cartoon not long ago depicted an African "medicine man" 
and the caption had him saying that he did not feel like going 
into his dance so would give sulfanilamide instead. 

Everyone knou-s about the sulfonamides and most lay persons 
have the idea that their powers are limitless and that one can 
cure himself of practically anything vvitU a handful of tablets. 
Tlie corollary is obvious. If the siilfon.imides are such a cure- 
all and so easily obtainable, why bother to spend money for a 
medical diagnosis? Since the doctor will prescribe a sulfona- 
mide an^hoiv’, one might just as uell go immediately to the 
comer drug store and be cured lor a total expenditure of but 
a few cents. 

Unfortunately for the misguided individuals xvith such a mis- 
taken viewpoint, nowhere is the art of medicine called into play 
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so much as in the use of the sulfonamides. A teacher of materia 
medica and therapeutics many years ago was wont to emphasize 
to each of his classes that a drug without toxic manifestations 
was probably without therapeutic action. The therapeutic 
effects of the sulfonamides are often truly amazing and so, too, 
can their toxic reactions be severe. In fact, the margin of safety 
between therapeutic effect and toxicity sometimes is slim and 
the doctor must be ever alert to detect the stage at which un- 
wanted effects begin. In an English book on therapeutics which 
was published a year or more ago, the author stated that the 
sulfonamides should be given only while the patient was under 
strict supervision by his physician in a hospital, or at least in 
bed. Such caution is exaggerated but it does give force to the 
fact that promiscuous and thoughtless use of the sulfonamides 
is inexcusable. Certainly, it teaches that self-medication with 
such potent remedies only invites trouble. 

The frequency of some of the toxic reactions following the 
administration of the sulfonamides is worthy of note. Nausea 
and/or vomiting occurs in the following percentages: Sulfanil- 
amide, 10 to 20; sulfapyridine, 40 to 55; sulfathiazole, 2S to 40, 
sulfaguanidine, 2 to 5, and sulfadiazine, 5 to 9. Fever: Sulfanil- 
amide, 10; sulfapyridine, 2 to 5; sulfathiazole, 5 to 6, and sulfa- 
diazine, 1. Anemia: Sulfanilamide, I to 2, and sulfapyridine, 
2 to 3. Leukopenia; Sulfanilamide, 0.1; sulfapyridine, 0.1 to 
0.5, and sulfadiazine, 2. Hematuria: Sulfapyridine, 2 to 3; sulfa- 
thiazole, 2 to 3, and sulfadiazine, 0.5 to 1. Oliguria occurs in 
a small percentage of cases receiving sulfapyridine, sulfathiazole, 
or sulfadiazine; jaundice and hepatitis occur rarely after the 
administration of sulfanilamide or sulfathiazole. In summary, 
the serious toxic manifestations of sulfanilamide are acute hemo- 
lytic anemia, leukopenia, and liver damage. Sulfathiazole and 
sulfapyridine cause nausea, vomiting, and renal irritation more 
often than the other sulfonamides, although the vomiting is less 
severe and less frequent following the use of sulfathiazole. 

Furthermore, the sulfonamides are not a cure all, as so many 
of the laity seem to think. Among the diseases not influenced 
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by sulfonamide therapy are the common cold, epidemic influ- 
enza, infectious mononucleosis, rheumatic fever (except in pro- 
])liylaxis) , poliomyelitis, spirochetal disease, tricliinosis, tuber- 
culosis, rabies, bronchopnettmonia, and rickettsial disease. A 
fetv cases of subacute bacterial endocarditis are said to Jiave been 
cleared up rvith sulfonamides, but generally they are believed 
valueless in this disease. These drugs are incapable of neutraliz- 
ing tile soluble toxin of the hemolytic streptococcus and there- 
fore have no effect on tlte eruption of scarlet fever. Accordingly, 
persons receiving sulfonamides for the aforementioned diseases 
cannot receive any benefit, but are subjected to tlie dangers of 
toxic reaction. 

Like all new therapeutic procedures, be they new drugs, nctv 
forms of pliysical iheiapy, or some other new kind of treatment, 
there is at first a period of wild enthusiasm for svliat the iherap) 
can accomplish. Back about 1912. for instance, there svere many 
who believed that a single injection of salvarsan (arspJienainine) 
wovtld cure syphilis. Then, as clinical esperience with a new 
procedure grows and clinical rc{)oris accumulate, the limitations 
of the procedure begin to be appieciaicd until finally, if it 
weathers the usage of time, it is applied with as near annpproat h 
to scientific exactness as is possible in a science with so many 
variables. The sulfonamides are almost in this final stage. Thes 
base been one of the greatest advances in medicine of the present 
century'. Nonetheless, the more uc le.am of them, the more sve 
know that their use can nes-er be hapliamrcl and ivilhom careful 
study of the patient. Certainly, they lend themselves least of all 
drugs in niateiia niedica to self-medication. 

Spink, 2 under the title “The Use and Abuse of Chemo- 
therapy,” svarns against the promiscuous and inconsidered use 
of the sulfonamide drugs, pattiailarly in respiratory infections 

The sulfonamide compounds are effectisc in the treatment 
of many bacterial infections. While very satisfactory lesults haie 
been obtained in the treatment of certain types of pneumonia, 
I should like to discuss biiefiy with you some of the uses and 
abuses of sulfonamide therapy in upper respiratory tract infec- 
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the past year, sulfadiazine has been used in the treatment of these 
patients with satisfactory results. The therapeutic response has 
been by no means dramatic, but many of the patients feel and 
look better coincident with die use of sulfadiazine. 

Acute tracheobronchitis may be due to different biological 
agents. I hare been reluctant to use the sulfonamide compounds 
for this condition, but some of my associates hare insisted upon 
a trial of sulfadiazine not only in their patients, but rvhen they 
themselves rvere the patients. Coincident rvith the administra- 
tion of suldiadiazine, improvement in the condition of the 
patient has frequently been apparent. The doses used rvere 
approximately those prescribed for patients rvith pneumonia. 
We have not been favorably impressed by the results of chemo- 
therapy in patients having chronic bronchitis. 

Influenza is a loosely used term. Epidemic influenza is due 
to a specific virus, and chemotherapy is without effect in experi- 
mentally induced infections in die louer animals- Likewise, 
sulfonamide therapy is not effective in proved human cases of 
epidemic influenza. As Finland and his associates have pointed 
out, sulfathiazole and sulfadiazine have been of considerable 
value in secondary pulmonary infections due to the staphylo- 
coccus in patients from whom the influenza virus was also iso- 
lated. It is not at all unlikely that sulfonamide therapy may be 
beneficial for prophylactic purposes when epidemic influenza 
occurs in a community in association with a high incidence of 
pulmonary complications. 

During the past few years physicians in various parts of the 
Country have encountered many cases of atypical pneumonia 
of doubtful etiology, and often called virus pneumonia. Many 
physicians in Minnesota have encountered such cases. The gen- 
eral impression is that the sulfonamides are not very effective 
therapeutically or prophylactically. However, it is my policy to 
administer a sulfonamide, usually sulfadiazine, to every patient 
having evidence of pneumonia. Full therapeutic doses are given 
for at least 48 hours. If, at the end of this time, the biological 
cause of the infection has not been defined, and the patient shows 
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no improvement, chemoUtenijiy is discontinncd. In a few in- 
stances, wlicre we lia\-e not been able to make a bacteriological 
diagnosis, the patients have responded quite well following 
sulfonamide therapy. It is possible that these cases represented 
pneumococcal infections, althougli we were unable to isolate 
pneumococci. 

In conclusion, I would like to emphasire that the availability 
of the sulfonamides has marked a tremendous advancement in 
our therapy of pneumonia and its complications. The promis- 
cuous use of these drugs for mild respiratory infections of doubt- 
ful etiology has afforded questionable therapeutic results, and 
has provoked many instances of hypersensitivity to the com- 
pounds. The medical profession must assume a more critical 
and conservative attitude for the present in this type of the^ap^. 
This must be done in order to correct the present attitude of 
many lay people, wlio have been led to believe that sulfonamide 
therapy is an established and harmless procedure in the manage 
ment of respiratory infections. 

REFERENCES 

1 Smith. F. C.: Mc<l. World 61-115 (Marth) 1013. 

2. SPI^K.W.W• Minnesota Mcd.25 088 <Dcc) 10^2. 
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Pharmacology and Therapeutics 

E HRLICH’S dream of a chemotherapeutic agent highly 
toxic to pathogenic organisms while innocuous to the 
human organism seems to have approached fruition in the group 
of drugs known as the sulfonamides. The drugs are far from 
being harmless; in fact, sulfanilamide, sulfapyridine, and sulfa- 
thiazole can be highly toxic, and the newer members of the 
group are less toxic, but still capable of doing harm if handled 
without intelligence. However, the therapeutic value of the 
entire group is now tvell established, and sulfonamide therapy 
can well be said to be one of the great advances in the history of 
Medicine, 

IE one is to obtain the maximum of success with the sulfon* 
amide drugs, it is very important that he have a complete under- 
standing of the factors which make for success or failure in the 
treatment of different types of infection. The first of these 
requisites is the proper selection of <lrng. Clinical trial has 
shown that certain bacteria are more sensitive than others to 
the various members of the group. Therefore, for a particular 
disease, one should select the sulfonamide known to be most 
effective from clinical experience. The word “clinical” is em- 
phasized because a number of sulfonamide drugs have shown a 
high degree of antibacterial activity against many kinds of ex- 
perimental infections, but because of their behavior and toxicity 
in man only a few of these compounds are of clinical usefulness. 

Sulfanilamide is the one drug of the group which has solu- 
bility as a characteristic; the others have little solubility in water, 
although they attain greater solubility in body fluids. However, 
certain salts of the drugs have been introduced for parenteral 
use. The drug concentration reached locally and in the blood 
depends both upon the rate of entry into and the rate of exit 
from the local area and the circulating blood. 


II 




The rationale for the local use of the sulfonamides is the 
higher concentration thus obtained locally. Also, since sulfanil- 
amide hasgteatei solubility in body fluids, its local use has proved 
most satisfactoiy. Against this greater solubility of sulfanil- 
amide, however, the limitetl solubility of svdfapyTidine, sulfa- 
thiazole, and sulfadiazine permits these drugs to remain longer 
in the wound and thus gives longer-lasting action. 

Given by mouih, the sulfonamide drugs mentioned above are 
almost completely absorbed from the intestinal tract into the 
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blood stream within two to four hours after the ingestion of 
from 1* to 3*Gm. doses After die fourtli hour, with the exception 
of sulfadiazine, the amount of drug in the circulating blood 
diminishes rapidly, so that it is necessary to administer a large 
initial dose and to follow this witli doses given at four-hour 
intervals night and day. If gisen by parenteral routes blood 
concentrations, obviously, are readied much more rapidly. 


Table 2 — Piiarmacolocic PaorERTiES of the Sulfonamides 



Following absorption into the blood stream the sulfonamides 
arc partially conjugated by the liver into acetylatcd forms, which 
are therapeutically inactive but highly toxic. This acetylation 
takes up approximately the folloiving {jercentages of the drugs: 

' Sulfanilamide, 20 per cent; sulfaihiazole, 30 per cent, and sulfa- 
} diaziiie, 15 per cent. Su1fap>Tidlne has a %ery irregular conjiiga- 
. lion, varying from 10 to 90 per cent, with an average of about 
30 per cent, svliich has greatly limited its usefulness. 

After passing into the blood stream the sulfonamides are uni- 
formly distributed tliroughoiit the body, the concentration in 
various tissues being dependent upon their vascularity. All are 
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present in exudates and transudates in higher concentrations 
than in the blood stream. With the exception of sulfathiazole 
they pass readily into the cerebrospinal fluid in concentrations 
averaging 50 to G5 per cent of that present in the blood. Sulfa- 
thiazole, however, reaches a concentration of only about 20 per 


Table 3 — Diseases Favorably Influenced by 
Sulfonamide Compounds 


Sulfattilamidi 

Suljapytidint 

1 

Sulfalfitaiole 

Sulfadiazine 

Hftnolytic Streplo- 

Pneumococcal 

Pneumococcal 

1 Pneumococcal 

coccal infections 

infections 

infections 

1 infections 

Abscesses 

Pneumonia 

Pneumonia 

Pneumonia 

Adenitis 

' Meningitis 



Cellulitis 

Otitis Media 



Erysipelas 

Peritonius 



Lymphangitis 

Sinusitis (acute) , 



Mastoiditis 

Gonococcal 

Gonococcal 

Gonococcal 

Memngitis 

infections ' 

infections 

infections 

Osteomyelitis 

Arthritis 

Arthritis 


Otitis media 

Gonorrhea 

hfale gonorrhea 


Peritonitis 

Ophthalmia 

Staphylococcal 

Meningococcal 

Peritonsillar 


iniections 

meningitis 

abscess 


Carbuncle 

Erysipelas 

Puerperal sepsis 


Cellulitis 


Septicemia 


Septicemia 


Ulcers 


Urinary tract 

Acute urinary tract 

Meningococcal 


infections 

infections 

infections 


A. aerogenes 


Meningitis 


B pyocyaneus 


Septicemia 


£. coll 


Urinary tract 


S. albus 


infections 


S. aureus 


Lymphogranuloma 




venereum 





(Reunana'f Trmmml in CVnr'vd JUnfwir, F, A. Ditu Co , Publishen.) 


tent ol that In blood, Ivtaltlng Its nstlnlness In Tsttnlngtal 
infections. The good results which have been reported in menin- 
gitis from sulfathiazole have been due to the fact that the anti- 
bacterial concentrations of the drug in submeningeal tissues 
curtail bacterial invasion and probably limit the spread of 
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Table 4 — Djseasi^ in Which Sulfonamide Cosipounds 
Are of Doubtful \'alue 


SulfmttamiJt ■ 


Suijaifnatolt 

Sa!fagaonidme 

Aciinomycosb ' 

BrueelU anfcciioiH 

Ulcerative colitis 

Bacillary 

Brucella iDrcctiorui I 

rriedlander*! i 

C. coll iofections 

disentery* 

lIctnolyDc strepto- 

bactUus tiw 

Staphylococcal 


coccal infeetioiu 

Infections 

pneumonia 

Ulcerative colitis 

(LanceBcId) 1 

Pemphigus 

Actinomycosis 


GroiipaB&C . 

Streptococcus 

Pneumococcal 


Hemolytic sirepto 
coccus pneumonia | 
or empyema I 

InBuenaa bacillus I 
meningitis j 

Streptococcus 
\eridans 

Subacute bacterial 
endocarditis 
Ulcerative eotub 
Trachoma 

Gas gangrene (Clot, 
welchil) 

B. proteus Infection 

vmdans ' 

Subacute bac- 
1 lenat eiulo- 

1 caidiiU 

' UIccramc colitis 

1 B tnnucfua 
nienitigitis 
■ Actmomyxosis 

1 Gonococcal 
, endocarditis 

mastoiditis 

1 

! 

j 



*S«« Mccion cn Bacillary Dysentery 

IRaatnn t Trtiimf*nii MtJitln, f A Darii Co . Fubliihert ) 


ihe proces$ as much as ihe drug in the spinal fluid itself. Nevcr- 
iheless, the direct action of the drug in the spinal Raid is im- 
portant, so that sulfonamides other than sulfaihiarole should be 
used in meningitis. 

The sulfonamide drugs, svith the exception of sulfathiazole, 
readily penetrate the led blood cells. This is of clinical impor- 
tance in the development of hemolytic anemia. 

All of the sulfonamide drugs, regardless of their route of ad- 
mmistiaxion, are e^creteA in the xtiinc Ivovl-i in 
in their aceiylaled form. With the exception of sulfadiazine, 
excretion from the body is complete within 24 hours. Tiie kid- 
neys excrete the drugs in a manner similar to urea, but reab- 
sorption by the tubules occurs to a greater extent and climina- 
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Table 5 — Diseases in Which the Sulfonamide Compounds 
Available at Present Are Ineffective 


Sulfanilamide 

SidJapjTiduu 

! Sulfaihazole 

Anaerobic streptococcal 

' Anaerobic streptococcal 

1 Anaerobic streptococcal 

infections 

infections 

1 infections 

Nonhemolytic streptococcal 

1 Common colds 

1 Influenza 

infections 

Influenza and influenza. 

1 Typhoid 

Streptococcus veiidans 

like infecliom 

Pneumococcal empyema, 

infection 

Paratyphoid fever 

arthritis, endocarditis 

Bacillary dysentery 

Chronic anusiiis 

“\nrus” pneumonia 

Common colds 

Tularemia 

Focal purulent infections 

Influenza and influenza. 

Typhtnd 

Subacute bacterial 

like infections 

“Virus” pneumonia 

endocarditis 

Rheumatic fever (acute) 

Focal purulent infections 


Rocky ^lountaia spotted 

Subacute bacterial 


fever 

Typhus fever 

Chronic sinusitis 
Trichomonas vaginalis 
infections 

Tuberculosis 

Tularemia 

Typhoid fever 

Paratyphoid fever 

Anthrax 

Torulosis 

Malaria 

endocarditis 



(Reimtan's Triaimat im Ctnntt MtJmnt, F. A. DitU Co , Pobljiheti ) 


tion is reduced by kidne>’ damage. The clearance of the drugs* 
is increased by increasing the flow of urine, and this is best ob-J 
tained by forcing fluids, even parenterally, if necessary. A de- 
crease in the output of urine encourages the deposit of the drug 
cr}’stals and the formation of stones. Hence, it is extremely im- 
portant that urinary output be maintained at not less than 
1200 cc. daily. This problem becomes more acute in hot climates, 
where sweating greatly decreases urinary output. See section on 
Gonorrhea. 

Chemotherapy, to be effective, necessitates the administration 
of the drug in such a manner as to achieve a sufficient concentra- 
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TaBLK 0 — COSDITIO.SS FOR Wlliai St'tiONAMIDF CoMPOTJNUS 
AJaV lU OF VaLLT is PROrHYI.AXlS 


Suljamlamide 

StJ/afryndm 

Suljaihiazolt 

Bums 

Otitis media* 

Burns 

Compound fractures 


Peritonitis {appendec- 

HciTiolyiic strcpioeoccat ! 


lomies, targe bowel 

sequels to scarlet fever 


restrictions, etc.) 

Cstensive Ussue injuries 


Urinary tract infections 

Accidental 

Operative 

Gunshot v.ounds 

Otitis media 

Penlonitis (appendec- 1 

tomies, large bowel 
resections, etc ) 

Rheumaiic lever 


(Urological operations) 

1 


‘See *ee«ion on'Otitis ^?ed^■* 


(Rccm«nA I Timmiai $» Ctottsl Mriunt. f A Oitrii Co , Publiihot ) 

lion in the arculating biocKl or/and at the site ot tlie iiifccuon, 
and to maintain the cnncemratlon inui) the patient acquires 
enough immunity to prevent a relajwe. Generally, the oral ad* 
ministration is the most satisfactory in the treatment of systemic 
infections. ^\'lIen it is necessary to obtain maximum concentra- 
tion quickly or when there is some contraindication to oral 
therapy, tlie drug may be given parcnterally, and in this case, 
because of its greater sotubiliiy in water, sulfanilamide is usually 
the drug of choice- Parenteral administration of sulfanilamide 
can be by vein or subcutaneously as an 0.8 per cent solution in 
sterile physiological salt solution. When it is desired to ad- 
minister sulfapyridine, sulfathiatole, or sulfadiatine pavcnteraliy 
it is necessary to use the sodium salts of these drugs. Usually 
they are given as a fiv e per cent soUuion in sterile distilled water 
and are administered iWTaxenmnly. Snifadiarine, V^transe ol 
jits slower excretion, has given more satisfactory results when 
^ used intravenously than have sulfapyridine or siilfathiazole. 

Placental Transmission of Sulfonamides: Sulfanilamide, 
sulfathiarole, and sulfadiazine diffuse readily across the placenta. 
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Table 7 


OherroluH 

.a. 

Sidfa- 

fynjM 

Siilfj. 

Skl/a- 

itntln. 

Solubility in water 

Pure drug 

1 Neopronto- 
td5% 

Pare dreg 
01% 
SodlWB 
aalt75% 

Pore drug | 
0 09T) 6% 

Sodium 
aalt $-20% 

Pure drug 
00123% 
Sodium 
aalt 5% 

Pure drug 

0 22% 

Intraeenout aolution 

Not 

5% la 
diatiUed 

l%io 
diatilled 1 

5% in 
iiline or 
diatilled 


Subciitaneoui aolution 

08-l';ni 

aatine 

0 H) 7% an 

0 5% in 

1 diatilled 
water and 
5% glucoae 

0 3.0 8% in 


Intramnacular lolution 

sn 

lOor 

1 JJ!<% 



! 

Abiorption 

Peak of blood l«>el after iinyle 
oral dote 


dhoura 

oeleaa 

6 houri 


Dependability 

Unifocm 

Erratic but 

abaorbed 

Sodium aalt 
abaorbed 
atmoai im- 
uedialely 


Only amall 
atnounta 
i abaorbed 

Rectal or lower coton 
■dminiittaiiofl 

i^aoL 

weH 

abaorbed 

! Poorly 
abtoabed 
Not adviaed 

Poorly 
abaorbed 
Not adaiaed 

Poorly 
abaoibed 
Not adviaed 

Poorly 
absorbed 
Not advised 

Local application Order of c( 
fectiveneaa baaed on solubility 
at ire. 

1.500 

61 

181 

121 


Renal eteretion 

Rather rapid 

Vanable | 

1 Very rapid 

' Slow 


Ease in maintaining adequate 
blood level becauie of eacretion 

Easy 

Vanable 

DifEcult 

Eaay 


Acetylation in blood 

10-15% 

15-75%* 

0-30%*« 

Small 

amounta 

f 

In unne 

50% 

Over 50% 

Small 

amounta 

33% 

30% 

Solubdiiy of acetylaulfooamide 

Very 

aoluble 

Sightly 

•olable 

Slightly 

Very 

Slightly 

aoluble 

Cbpical urinary concretiona 

0 ' 

+++ 


+ 

f 


* Acct^Utioa of todium Julfip^ndinc ■> dirtmctlr lets Uitn that of lulfipyriilme. 
■* Sulftthiizole It apparently exetetrd to lapidiy that the lieet cannot acetylale it. 
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Tahle 7 — Continued 



* Aceij'lttisn el iwJium ttilUpyndiae u dutmctly ki< Uun (Ml »( lulfsprrtdiive 
•' »ulf»tl;)«c)e II jrpJMBtly |M« ibpliwncAt^l tteiyUitH 

(SchAitlitr. Af A OiferJ Lpfir Ifl MtJ'iiti ) 


A single iniTaNcnous dose of sodiwm snUatlnazole or sodium 
sulfadiazine gi\en to a mother in labor will appear in the fetal 
blood almost immediately. The dings are retained there in 
liierapeiitically effeciive concentrations for at least six hours in 
the case of sulfathiazole and considerably longer in the case of 
sulfadiazine. Equilibrium beiu-een the matci nal and fetal blood 
is established within three hours. A higher concentration of 
sodium sulfadiazine is obtainable in the fetal blood than is pos- 
sible with an equal dose of sulfathw/ole. Tlicse drugs also appear 
in the amniotic fluid, but later than lUc^'^do in the fetal blood. 

Speert^ uses (his placcnt.il transmission of sulfonamides to 
treat the fetus proph>l3clicalI) uhen the mother’s genital tract 
harbors the gonococcus. He also recommends this form of intra- 
uterine treatment of the fcuis in cases of intercurrent or inira- 
parium infection of the mother by susceptible organisms. 

Dosage 

The amount of drug necessary to obtain the desired thera- 
peutic results depends upon a good many factors. The first 
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Table 8 — Sulfonamide Blood Concientrations of the Free 
(Nonacetylated) Drug That Are at Present 
Considered Desirable 


Drug 

OiJmarjf Injtrtton 

Cnlically III PalienI 

Sulfanilamide. } 

8 to 10 mg. per 100 ox 

10 to 15 mg per 100 cc. 

Sulfapyridine 

5 to 10 mg per 100 cc. 

10 to 15 mg. per 100 cc. 

Sulfathiazole. 

S to 10 mg per 100 cc 

10 to 15 mg. per 100 cc. 

Sulfadiazine 

5 to 10 mg per 100 cc. 

10 to 15 rog. per 100 cc. 


ifhjuc'ums' Bkltttin, Eli LiIIi xad Co ) 


consideration is the infecting oi^anism. Different organisms 
have differing degrees of susceptibility to the drug and produce 
many degrees of severity as well as types of lesion. Other factors 
to be considered are the state of kidney function, the rate of drug 
absorption, and the state of dehydration. Also, acute conditions, 
particularly those involving soft tissues, require generally higher 
dosages than do chronic, long-standing ones, or infections involv- 
ing the urinary tract. 

It can be seen that definite rules of dosage to Jit all cases can- 
not be given. Often with sulfanilamide it is necessar)' to watch 
the blood concentration and to maintain it at a concentration 
which general clinical experience has shown to be optimum for 
the particular type of infection. A drop in temperature can be 
deceptive and cessation of chemotherapy may be followed by 
a spread or recurrence of the infection. A rise in temperature,] 
on the other hand, may be due to drug fever and not to an in- 
crease in exacerbation of the infection. Generally, it is.a safe 
rule once chemotherapy has been started to continue the drug 
until complete clinical cure has been obtained. A safe proce- 
dure is gradually to decrease the dosage over a period of days, 
carefully svatching the patient for any evidence of any recurrent 
infection. 

Blood concentration, unfortunately, except with sulfanil- 
amide, is no indication of the effectiveness of the drug. It is 
frequently noted that prompt recovery ensues with a low blood 
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Table 9 — Continued 
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TABtE 10 — Irm«AVENOUS DOSACC Of SULfONAMlOES 
Dosage of Sodium Sulfapyridine, Sodium Sulfathiazole, or Sodium Sulfa 
diazine That Will Increase the Blood Concenlralion of the Drug by 
Appro'cimately I mg. per 100 ee. (Multiply This Dose by 
theNumberof Mg.FerCentRise That h Desired) 


Wtighi oj 

Patient in 

Pounds 

Weight o} 
PiilienI in 
Kifogrems 

Dosage in (e. 

efa5% 
Solution ej the 
Sodium Salt 

Dose eJ the 
Sodium Sait in 
Grams (001 Gm. 
per Kilogram] 

11 lb. 

SlE. 

Icc. 

0 05 Gm. 

22 lb. 

10 kg. 

2ec. 

0.1 Gm 

33 Ib 

15 

3ec. 

0 15 Gm 

44 Ib 

20 kg. 

4tc 

0 2 Cm. 

55 Ib 

25 kg 

5 cc. 

0 25 Gm. 

66 lb 

30 kg. 

6 cc. 

0.3 Cm 

77 !b 

35 kg 

7cc. 

0.35 Cm 

68 lb 

40 kg 

8 cc. 

0.4 Gm. 

110 lb. 

SO kg 

10 cc. 

0.5 Gm. 

132 lb. 

60 kg 

12 cc 

0 6 Cm. 

154 Ib 

70 kg. 

Uce. 

0.7 Gm; 


ithpUnnr £j<{/r>ii). Ut Ulli *nj C» ) 


TaBIX 11— SutrONAMlDES — U$E JS ORDER OF OlOlCE 


1 

Staphjloeoecus 

Iftmelyite 

Sirepioeaent 

Pneumteoeeus 

MeniKgecaffiiS 

Gonacaceus 

1. Sul/aihiazole 

1 Sulfadiazine 

1. Sulfadiazine 

1. Sulfadiazine 

1. Sulfathiazole 

2 Sulfadiazine 

2. Sulfanilamide 

2 Sulfathiazole 

3 SuManilaralde 

'i. Sullapyridinc 

3 Sulfapjridinc 

3 Sulfathiazole 

3. Sulfapyndine 

3 Sodium 
Sulfapyndine 

3 Sulfadiazine 

4 Sutfanilamicle 

t .Sulfapyridint 

4. Sulfanilamide 

t. Sodium 
Sulfathiazole 

4 Sulfanilamide 


(Fi)sitiani‘ Bnllfltw, £li LiJIi ind Co ) 


concentration and many times the patient grows worse with a 
high blood concentration. Were the degree of blood concentra- 
tion a sure indication to the efFectireiiess of the sulfonamide, it 
would be a great boon and give a scientific exactness to sulfon- 
amide therapy nowhere else acliievcd in Medicine, but it is 
perhaps fortunate for most physicians that this is not so, for most 
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medical practice must be done at times and places where labo- 
ratory facilities are not available. Usually the physician will use 
the sulfonamides, as he uses other drugs, in the dosage and man- 
ner which general clinical experience dictates as the best for 
giving the desired results. 

Sulfanilamide: A blood concentration of 10 mg. per cent of 
free sulfanilamide gives maximum therapeutic effectiveness in 

Table 12 — Sulfanilamide (P-aminobenzene Sulfonamide) 
Clinical Indications: 

Diseases: Streptococcal septicemia and related diseases, brucellosis, 
meningococcic meningitis, gonorrhea, gas gangrene, actinomycosis, 
venereal lymphogranulomata. 

Possible Prophylaxis: Bums, wounds, compound fractures, otitis media. 

Peritonitis. 

Adults: 

Initial Dose: 0.10 Gm. per kg. of body weight. 

Maintenance Dose: 1.10 Gm. per kg. body weight divided into six doses 
and given day and night for seven days or more after the temperature 
has returned to normal. 

Children: 

Same as for adults. 

Absorption from gastrointestinal tract is excellenL 

Diffusion into body fluids is very good. 

Excreted rapidly in the urine. 

Toxicity: 

Rather high percentage of toxic and side reactions. 

(MiKther, R. O.: /. ALiiparl S. MfJ. Ann ) 

most of the infections susceptible to the drug. In meningeal 
infections and a few others a blood concentration of 15 mg. per 
cent is required. Adequate blood concentration usually is ac- 
complished by an initial dose of 3 to 5 Gm. of sulfonamide fol- 
lowed by 1 to 3 Gm. of the drug every four hours day and night. 
Locally sulfanilamide is used in a dosage of I Gm. for each ten 
square inches of surface involved, but in closed cavities not more 
than 5 Gm. should be used. At no time should more than 15 Gm. 
be used locally, for the drug is absorbed rapidly and toxic reac- 
tions can readily develop. 
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Sulfapjridine anil Siilfathiazolc; As picviously inentioiicil, 
tlie hlootl conrcntration of sitirapyiHline niicl $nifathia?ole is of 
little signiftc.ince. A blooil level ol 5 ing. per cent should he 
adequate in practically all cases evtepi meningitis, where thera- 
peutic results require blood levels of 10 to 15 nig. per cent. Tiie 
initial dose of these ism drugs usually is .‘I or 4 Gm, and this is 
folkwedby 1 Gm. every four hoursnight ami day. Inlra\cnons!y 
the initial dose is the same and is followeil by 2 Gm. every six 
hours night and day. L/jcally they are used the same as sulfanil- 
amide, hut iheir lesser solubility makes them less effectise. 

TabLV 13 — SULrAPYRiniNF (2 (PARAAMlNOBrN7lNF SUirONAMJDV) 
I'yRIDINS) 

Clniieal Itulienlions: 

Diseases' Antlirax. strep siriibns mciiin^itH piicuinonia, ineiiingitls, 
gonorrhea, hruteilosir, (nclmma. sciicrea! Ijntphograuulomota. 
i'roph)laxis Otitis iiiedin. 

D<*»rtgr: 

Adults' 

Initial Dose; 4 Gm 

Mairitci).inre Dose I Gm every four hours (by and night. 

Itinod lesel desired, C to 8 mg. |>er 100 <(,. Gnntiniie iiiitil iciu 
peratute has been normal f<»r three days. 

Children' 

Initial Dose: 015Gm perVg to 25 kg. 

AfnintcuaiKC Dose: 0.15 Cm )>er kg dnided into four doses and 
giseii at six-iioiir iniersals 

Absorption from the gasiroiiitcsimjl tract is good hut erratic. 

Diffusion into the body fluids is good. Afay reach 65 percent of the hlood 
coiKcntration in tiie spinal tinid. 

Ejicretioii in urine is sornewli4t slosver than widi stiiranilaniide, concco- 
irations are likely to occur, panimlarly in acid urine, 

Toxicily 

Considerably greater than nidi sulfanilamide. 

Sulfadiazine: A hloiKl letcl of 5 to 10 mg. per cent of free 
sulfadiazine will he cfFt?ctive in most infections which respond 
to this drug. This level can he achieved as a rule with an initial 
dose of 3 to 4 Gm. orally, followed by I Cm. every six hours night 
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Table 14 — ^Sulfathiazolf. (2 (Paraaminobenzene Sulfonamide) 
Thmzole) 

C/iniral Indications: 

Diseases: Pneumococcal infections in all forms, gonorrhea including 
gonococcal arthritis, staph)Iococcal infections of all types, colon bacil- 
lus infection of the urinary traa as well as the tissues. 

Prophylaxis: Uums, genitourinary tract infections, peritonitis, and otitis 
media. 

Adults: 

Initial Dose; 4 Gm. 

Maintenance Dose: 1 to 13 Gm.everyfour hours day and night. Should 
be continued for long periods, and particularly in staphylococcal 
infections. 

Children: 

Initial Dose: 0 15 Gm. per kg. body sseighl. 

Maintenance Dose: 0.15 Gm. per kg. disided into six daily doses. 
Absorption from the gastrointestinal tract is good. 

Diffusion into the body fluids is good except for the spinal fluid in ssliich 
concentration is fairly low. 

Urinary excretion is rapid, concretions may form if urine output falls 
below 1000 cc. per 24 hours. 

Toxicity: 

Less than sulfanilamide, lends to cause feter and skin rashes 

~tkl«»«heT, R. 6^ }. Mnitun S. AUJ. Ann j 

and day. Sometimes it may be necessary to give the drug at four- 
hour intervals to attain a higher blood level in some infections. 
Intravenously, using the sodium salt, it often is necessary to 
administer the drug only at 12-liour intervals. 

Sulfaguanidine: This sulfonamide can be given by mouth in 
dosages high enough to give saturation of the intestinal tract 
without producing levels of the drug in the blood higher than 
4 mg. per cent. This fact, combined with its antibacterial action, 
makes the ding particularly effective against such diseases as 
bacillary dysentery. Its administration is attended with very few 
toxic reactions, although drug lash, drug fever, conjunctiviiis, 
and crystalluria have been reported. The initial dose is 0.1 Gm. 
per kg. of body weight, followed by 0.05 Gm. per kg. of body 
weight every four hours until the number of stools per day is 
five or less. See section on Bacillary Dysentery. 
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Tahle J5 — Sulfadiazine (2 (Paraaminobenzene Sulfonamidf) 
Pvridine) 

Clinical Jndicolions: 

Bctasireptococcal infections of all types, 
rncumoiiococcal infections of all kinds. 

Gonorrlica, mcningococois meningitis. 

Staphylococcal tniceiions. particularly osteomyeUtis, sepsis, furunculosis, 
and impetigo. 

Possible Prophylax-if Bums, otitis tmedia, pecttotiitU, and scatUt («*.« 

contacts. 

flosage 

Adults 

Iriitidl Dose 0 1 Gm per kg. body v'Cight, usually ■! to C Gm. 
Maintcn.ance Dose: 1 Cm. esery four to six hours until temperature 
has been rvoimal for from 72 to 96 hours. 

Quldrcn- 

Same .as for adults based on sveight. 

Absorption from the gastrointestinal tract Is aery g(x>d. 

PiiTusion into the fluids of the body is excellent. 

Tends to he excreted slouly In the urine. 

Toxtfity: 

Least of all the con\monly used sultantlamulcs v,hjch are absorbed from 
the bowel. 

JMwsKct' infryTTijitinS^MiSTTimr.^ 

TA«tx 16— SutfAchANtDtNE <SoUAN\Lr.OANioisE Mosouvprate) 
Chnicdl fndicelions: 

Disease: Bacillary dtscnicry and possible other bacillary infections of 
thegastroiniesiinal tract. 

Possible Prophylaxis: 

Preparation of tiic howel for cxiensise surgery 
Treatment of carriers of b.acillary infections 
Dose: 

Initial Dose: 0 I Cm per kg. body weight. 

Maintenance Dose 0 05 Gm. per kg. ditideU into six doses and gi»cn 
every four hours until stools return to normal or the desired effect 
is obuined. 

Absorption from the gastrointestinal tract is erratic but usually slight. 
Diffivsion into body fluids is as a nife poor 
Excretion by kidneys not great. 

Toxicily: 

Toxicity is not great, although in some patterns side effects arc noted. 

JMSihfr. R O •'7.Tl7«»e»ri5. .SW,'A«» ) 
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Sulfamerazine (Methylsulfadiazine): This recent addition 
to the sulfa family is said to have very' low toxicity, to be quickly 
absorbed when taken by moutli. and to be less likely than any 
other sulfa drug to cause kidney damage. In comparison with 
sulfadiazine, it is said that when the two drugs are given in iden- 



FJg. 2 — Su1fap}fidine cf) seals (magnified) washed from the urinar> bladder. 

(PlurntDet asd McLclIen ] A. A ) 


tical dosage by mouth, the sulfonamide concentration in the 
blood produced by the methyl compound is considerably greater. 
As the dosage of the two compounds is increased, this difference 
in the blood levels produced by equivalent doses becomes pro- 
gressively more striking. 

A given concentration in the blood, following oral administra- 
tion of sulfamerazine, is not only produced by a smaller dose, 
but is also more rapidly attained than with sulfadiazine, due ap 
parent!}' to the more rapid and more complete absorption of 
the methyl compound. There has so far been insufficient clinical 
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experience whli this drug lo gisc data on its dosage in various 
diseases. 

Murphy, Clark, and Flippin- gave a single dose of sulfanieri- 
zine to a group of persons orally, subcutaneously, intravenously. 



Cha« 3— A demonscraiiflci of ihe apfarenily s>ner|;’mjc action of sulfa- 
ihiazolc and succinylsuJfathiazole when Mmuluncousl, admiohiered to ihe 
dog A feCBi>ed daily O.ZS Cm of sucrfoyUoIfaihtaiole jwr kg. in il* dotes 
for seven days. At this ttme a daily dine of OJS Gm. of suliathtaaole pel kg. 
was added B received 0.25 Gm. of sulfatbiazole per kg. daily for seven days, 
(hen sucdnylsulfaihiaiole was added so that (he animal therrafier look 0.25 
Gm pet kg of each drog daily. IPeth. E J . n »J Anh Sii-a ) 

or rcctally, while multiple doses uercadtmnisicrcdovcra peiioci 
of da>s i« another group. Their studies cmhraced 28 patients 
serving as controls and 20 patients with acute bacterial infec- 
tion. The observations of these authors were that after a single 
3-Gm. oval dose of suUamerizinc. higher blood serum levels ate 
attained more rapidly and stisiainctl longer than after sitnilar 
amount of sulfacllarine. l>csvtcvl servtm conrcnvratvmvs can be 
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reached by giving snlfamerazine sodium snbcutaneousl) or in- 
travenously. The drug is readily diffused through body fluids 
and enters the red cells in varying concentrations. It is excreted 
in the urine in nwounts roughly comparable to sulfadiazine. 



Chart 1— The effrrt of various dosagn of 5urrin>lsu]fath}a2D]t oa ibr 
roliform bacteria in the gatiroiDtcstinal tract of the dog. Each curve it based 
on the average effects observed in from three to five experiments. A repre- 
sents the results after the oral adjnimstratioa of 0 OS Gm. per kg. dai}>, given 
in six equal doses at four-hour ioteirals; B,0.1 Cm. per kg.; C, 0J5 Cm. per 
kg.; D, 0.5 Gm. per kg.; £, l4>Gin perkg (Poth. E | . r> <trfi s.rj ) 

Hall and SpinV.-* used snlfamerazine in the treatment of 1 16 
patients having a variety of infectious, and compared it uith 
sulfadiazine with respect to its pharmacology, therapeutic effec- 
tiveness. and toxicity. Adequate blood concentrations, they say', 
can he maintained with smaller doses of stilfamerazine than with 
sulfadiazine. Because snlfamerazine is retained in the body for a 
longer period of time than sulfadia/ine, doses of the fonuer may 
be given at less fiequent intervals. SulFamerazine appears to be 
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just as effective in the therapy of pnentnocoede pneumonia as 
sulfadiazine. Snifamerazine usually caused a more abrupt fall 
in temperature than occurred svith stil/adiadnc. Snifamerazine 
also appeared to be just as effective as sulfadiazine or sulfapyri- 
dme in the treatment of meningitis due to type B influenza 
bacillus or the meningococcus. Infections due to hemolytic 



Chart 2 — ^To tl«ntons(rac« the effect of lesions of the mucous memhtaae on 
(he anubactetial activity of succin^lsulfaihiazote, the number of colifortn 
otgaotsms was reduced by (he administraiioR of the druc;. Then the mucosa 
of a large stea of the descending colon of the dog was oesuojed by cauieii* 
aation. (POlh. E.J.tIgJ.- Ateh. Smf ) 

Streptococci responded quite satisfactorily to snifamerazine, and 
in this respect tJie results were similar to those obtained with 
sulfadiazine. Sulfathiazole is more efF«:tive than either sulfa- 
meiazine or sulfadiazine in staphylococcic infections. Tosic leac- 
tions due to snifamerazine sverc no more frequently encountered 
than with sulfadiazine. Sulfamerazine provoked fetver reactions 
than SVC had previously encountered with sulfathiazole. sulfapyri- 
dine or sulfanilamide. Although sulfamerazine and its acetyl- 
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ated form are more soluble in urine tlian the comparable forms 
of sulfadiazine, two of the patients developed renal complications 
due to precipitation of the drug in the form of crystals within 
the urinary tract. 

Recent investigations rvould indicate that crystalluria due to 
sulfadiazine may be prevented, or at least reduced, by administer- 
ing sufficient quantities of an alkali so that the pH of the urine 
is maintained at 7.5 or higher. To achieve such an alkaline urine 
when therapeutic doses of sulfadiazine are being utilized, it has 
been recommended that from 10 to 20 Gm. of sodium bicar- 
bonate should be administered in divided doses every 24 hours. 
As a result of a group of preliminary observations, rve are in 
agreement with the foregoing recommendation. It would also 
appear that alkalization is a valuable prophylactic procedure 
for patients receiving sulfamerazine. This is well illustrated in 
tlie following example: 

A woman aged 33 at the University Hospitals had subacute 
bacterial endocarditis due to streptococci of the viridans group. 
Sulfonamide therapy had failed to clear the blood stream of 
bacteria. It was decided togivea lai^e dose of sodium sulfamera- 
zine in an attempt to control the infection. She was given 3 Gm. 
of sodium bicarbonate five times a day, and the 24-hour fluid 
intake was maintained around five liters. Twenty-five Gm. of 
sodium sulfamerazine were given intravenously. The 24-hour 
fluid intake on this day was 5300 cc. and the urinary output was 
1700 cc. The following 24-hour intake of fluid was 4050 cc. with 
an output of 3505 cc. of urine. The maximum concentration of 
sulfamerazine in the blood rvas 68 rag. of the free drug. The 
hydrogen ion concentration of the urine was maintained above 
a pH of 8. At no time were sulfamerazine crystals observed 
microscopically in freshly voided specimens of urine. There was 
no evidence of gross or microscopic hematuria, and the patient 
had no sj’mptoms referable to the urinary tract. She had several 
emeses, complained of a headache, and appeared mentally con- 
. fused and depressed for a short time. The procedure failed to 
sterilize her blood. 
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Oil the basis of this and siniilai oliseixatioiis, we have recoin- 
nierided at the University Hospitals that in patients receiving 
stilFadtarine or snlfamerarine a fiiiid intake siiould be main- 
tained so that tlie urinary output during a period of 24 lioiirs 
ranges between 1000 and 2000 cc. At the same time, enougli 
sodium bicarbonate sliould be adinhiistercd so that the pH of 
the urine is 7.5 or moie. Obviously, such a [iiocedure is carried 
out in patients wliose rlinical condition does noi contraindicate 
these procedures. This applies particularly to patients iiaiiiig 
renal d)sfunction or cardi.ac failure. It .should be enipbasiyed 
that renal complications due to siilfapyridine. snlfatliiarole, 
sulfadiazine, and proKably siilfamerazine may be due to factors 
other than the precipitation of ci^stals. There is consideralde 
evidence that renal failure may l>c associated n ith a direct toxic 
cflecl of the sulfonamides on the renal parenchyma and also 
due to hypersensitivity phenomena. It is doubtful that alkaliz-a- 
tinn would be of much beneru under such circiiinstanccs. 

Sulfameiazine appears to be tolerated tpiiie well by children 
and small infants. No toxic reactions were encountered in 15 
infants under one year of age. 

Succinylsulfathiazolc (Sulfastixidine): Siiccinylsnlfatliiazale. 
say Poth and Knotts,® is so |K>orly absorbed from ibt* gastro- 
intestin.il tract that only an average of fne per cent of tlie in- 
gested drug is excreted by the kidneys. Its action after oral 
administration, therefore, is essentially restricted locally to the 
contents of the bowel. Tlie feces, svliich contain a moderate 
amount of mucus, become small in bulk, semifluid, and rela- 
tively odorless. Ordinarily there u’ill be two to four stools daily 
whhoiu hyperpcristalsis or griping pain. Rarely does true dinr 
rhea occur. The bacterial flora are pjofonndly altered; tins is 
indicated by the effect on the coHfonn organisms. \V’hile the 
change in the cohform flora is usctl as an indicator of di ug effect, 
it must be realized that all oiganisms in the bowel more suscep- 
tible than Bacillus coli to the antibacterial action of succinyl- 
sidfathiazole are even more profoundly affected. The Shiga,. 
Flexner, and Sonne strains of the dysentery bacillus are espe- 
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dally susceptible to tiie antibacterial action of this compound. 
The drug has no apparent effect on the grotv'th of the typhoid 
and paratyphoid organisms, alpha Stieptococcus fecalis, or Bacil- 
lus proteus. Bacillus aerobacter aert^ens is more resistant than 
B. coli to the action of succinylsulfatliiazole. The change in the 
character of the stools, including the disappearance of the fecal 
odor, suggests strongly that the growth of anaerobic proteolytic 
bacteria is particularly inhibited. 

Accurate knowledge of the mode of action of sulfanilamide 
and its derivathes is as yet lacking. Theoretically, paraamino- 
benzoic acid or some chemically similar compound combines 
with a hypothetic substance, possibly an enzyme, to form a 
metabolite essential to the normal growth processes of certain 
bacteria. For the sake of simplicity we shall refer to this hypo- 
thetic substance as X. It is not known whether X is an en- 
dogenous oi an exogenous substance as regards the bacterial 
cells. Fleming showed that dead bacteria added to media inter- 
fered with the action of suiranilamide. It is not inconceivable 
that X may be formed principally by certain strains of bacteria 
and that it may even be a factor in tl»e phenomenon of symbiosis. 


Table 17 — Patifnts Grouped According to Condition 


Group ] 

ConJihcn ' 

1 Patients 

« i 

Convalescent, with nornial intact iniestioal mucosa 

5 

2 

Typhoid fever i 

' 12 

3 1 

Bacillary dysentery 1 

1 19 

4 1 

Diarrhea (nonspecific) | 

' 14 

5 

Carcinoma of the right colon ' 

4 

6 ' 

Carcinoma of the left colon 

IS 

7 

Carcinoma of the transverse colon 

2 

8 

Fecal fistulas involving the colon > 1 

' 3 

9 

Fecal fistulas involving the small bowel ^ 

1 3 

10 

Cfironic ulcerative colitis . j 

' 10 

n 

Diverticulitis ... j 

3 


Total ... j 

100 


(IHKb, E J.. ini] Kno(tt, F. I_ jirrt. Sarj ) 
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The present concept of the mechanism and die competitive 
nature of the reactions of sulfanilamide and its derivatives and 
paraaminobenzoic acid is tl»at the former act because of their 
tendency to combine with substance X to form a conjugated 
compound unsuited to the metabolism of bacteria. From this 
concept it becomes obvious that X is rendered suitable for further 
metabolic processes, depending on whether it is coupled uitJi 
sulfanilamide or one of its derivatives as expressed by equation 1 
or with paraaminobenzoic acid as indicated in equation 2. 

Sulfanilamide or one of its derhatives + substance X -* Inactive sub- 
stance (1). 

Paraaminobenzoic acid + substance X -♦ Afetabolic enzyme or metabo- 
lite (2). 

Because of the small bulk and the seminiiid character of the 
feces, the contents of the bowel come into frequent and close 
contact with the absorbing mucosa. Since it is likely that para- 
aminobenzoic acid, similar split products, and substance X are 
readily absorbed from the bowel, it can be asuimed that the 
concentrations of these substances, which would favor the fonna- 
lion of the metabolic enzyme, will tend to be lou’ered and that 
thus the interaction of sulfanilamide or one of its derivatives 
and substance X to form a compound unsuitable for enzymatic 
utilization by the bacteria svill be unopposed. 

Further understanding of the mode of action of succinyl- 
sulfailnazole in the bowel might be forthcoming from an exami- 
nation of certain conditions unfavorable to the action of the drug. 

The following facts have been obsers'ed: 

1. Liquid petrolatum interferes with the antibacterial activity 
of succinylsulfathiazole. 

2. Watery diarrhea due to irritation of the mucosa strongly 
inhibits the antibacterial action of the drug. 

3. Hard, constipated stools, svhicli do not become semifluid 
after the administration of succinylsulfathiazole, show only a 
partial lowering of the number of stuceptible organisms. 
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N Table 18 — Hydrolysis of Succinylsulfathiazole in Feces and in 
THE Aqueous Solution or the Sodium Salt* 


htolecular Concintraliea and Rmio ef Sulfatkiaiole and SuctinylsuI/alfiiazoU 



In Ineuhattd Stoat 

In Incuiated SatuHon of Sodium 

Salt oj Suecinylsuljalhiazole 

Day, in 
Incuiator 
a,3fC 

Pree 

{mM per L.) 

Cenjupated 
{m.r/ perL.) 

Ratio 

CanjHpited- 

Fm 

Free 

(m \f per L.) 

Conjupated 
(mkf perL) 

Ratio- 

Conjugated 

Free 

0 

2.55 

65 2 

256 

34 6 

550 

15.9 

4 

8 05 

59.1 

7.4 

30.7 

510 

16 6 

13 

98 

54.9 

56 

34.8 

635 1 

18 2 

34 

13.3 

40.4 ! 

30 

40.35 

624 

15 2 

41 

61.5 

40 0 

24 

46.4 

660 

14 2 

48 

16.85 

50.0 1 

2.9 

39 6 

663 1 

16.7 

63 

165 

55.0 

3.3 

34 4 

507 1 

, 14.7 


•Within the rather wide limiu of the accuracy of the analytic procedure a freshly 
expelled stool specimen contains only relatively small quantities of sulfathiazole 
At 37° C. succinylsulfathiazole in contact with fecal material undergoes hydrolysis 
This may be due to acdon of bacteria or ferments The aqueous solution of sue* 
cinylsulfathiazole sodium is relatively tuble. (P6th. lE.J.it al. drei Saff ) 

4. On incubation at 37® C., the coliform organisms may mul- 
tiply rapidly in some specimens of feces intimately mixed with 
succinylsulfathiazole. 

5. The presence of extensive ulcerative lesions of the intestinal 
tract retards the rate at which the coliform organisms disappear 
under therapy, and the final level of the coliform population 
probably remains somewhat higher than in those instances in 
which the mucosa of the bowel is intact. 

It has been observed that freshly voided feces contain only 
relatively small amounts of sulfathiazole, but that after they stand 
at 37® C. the succinylsulfathiazole is slowly and progressively 
hydrolyzed to give free sulfathiazole (Table 17) . Although the 
amount of free sulfathiazole present in freshly voided feces is 
small as compared to the amount of succinylsulfathiazole, the 
concentration of tlie free sulfathiazole may vary ordinarily from 
50 to 200 mg. per 100 cc. Such concentrations of sulfathiazole 
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should l)e suflicicnt to h.i\estiong Iwcteriosiaiic activity witlioiit 
aviy sjjecial nssiimptionsas lo the excited slate oi the suUailiia2ole 
molecule. 

rhihalylsulfathiazole: Endeavoring to find a perfect intes- 
tinal antiseptic Poili and Ross,** in a manuscript not yet pnU- 
lislied, describe phthalylsulfatliiazole. The drug is practically 
insohdile in water and is a weak acid. The finely divided 



Chart 4 — The significant loneiing of the number nl cnliform bacteria in 
the bo^sel of the dog after the dail) oral atlrninisiraiion of I Gm per kg of 
suceinjisulfaihiazole divided into sis ecpiai doses. The concentrations of die 
drug in the blood and the urine are given. The degree to which h>drol}sis 
of sucdnjlsulfathiazole is effected to )ield sulfaihiarnle it indicated by the 
concentration of the latter in the blood and the urine. 

(Poih E ; . a 
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ponder suspended in an aqueous sodium bicarbonate solution 
uill liberate carbon dioxide slowlj at room temperature. The 
sodium salt is moderately soluble. A 20 per cent aqueous solu 
tion of the salt can be prepared if a ten per cent excess of 
sodium hydroxide is used. The sodium salt can be recovered 
from this solution by chilling in an ice bath, and it can be 
further purified by recrystallization from water buffered to 
7. Care should be taken not to svarm the solution above 
50“ C., because of the tendency of this compound to hydrolyze. 



Chart i — lllustntion of (he faa (hat an aoimai (/t) receiving dailf i Gnt. 
of succinyUuIfathtazole pet kg. divided imo six equal oral doses has essen* 
liall}’ the same concentration of (he drug io its blood aod urine as another 
animal (B) similarly receiving a ifosage of 0.25 Gm. per kg. 

(IV(h. E } , t! ArtS St't ) 


Plithalylsulfathiazole, say the authors, has from two to four 
times greater bacteriostatic actisily than succinyJsuIfathiazole, 
as indicated by the effect on coliform organisms in the gastro- 
intestinal tract of the dog. A dose as small as 0.125 Gm. per kg. 
of body weight per day causes a significant Jouering in the 
coliform population. Doses of 0.25 Gm. or more per kg. of 
body weight, administered at regular four hourly intervals to 
animals on a straight meat diet, causes more profound and 
more rapid alterations in the bacterial counts. "With doses of 
0.25 Gm. pel kg. or more, frequently no coliform oiganlsms 
groiv out after the third day of administration. It has been 
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Chan 6 — The relauve antibacterial activity of sulfaniljlguanidi 
succin)Imlf3thiazole as Jemontiraied by the effects of these drugs 
toliform organisms in the bowel of the dog. EJ.ru/ .Ira. 





Chart 7 — lllustraiion of the rapid me of absorption after the intraperi* 
toneal injeaion of an aqueous suspension of 1 Gtn. per kg. of sucdn>lsuifa* 
thiazole and the rate of its disappearance from the blood. 

(Poth, E ) .11 dJ : Arci Strt ) 

noticed also that tvhen phthalylsulhithiazole is administered by 
other than the oral route so as to maintain a high tissue con- 
centration, that the drug is excreted into the bots'el to give 
concentrations of the drug in the feces which result in inhibi- 
tion of the conform organisms. This aheration is somewhat 
more delayed than when the drug is administered by mouth, 
although it may frequently be of the same order of magnitude. 
Animals have been fed the drug for as long as 35 days, during 



Chart 8 — ^The concentration of salfathiazole and sucdnjlsulfatbiazole in 
the blood after the intracnuscular administration of an aqueous suspension of 
1 Gtn. per kg. of sucdoylsulfathiazole. (Poth. t. } , ei el. • Arch. Surt.) 
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wiiicli lime the marketi snpincssion of tlic coliforin flora lias 
been maiutainecL 

PIiilial}IsuIFathia7ole and its sodium salts are so sparingly 
absorbed from tlie gastrointestinal tract that, regardless of tlic 
dose, no toxicity ran be demonstrated. Dogs have been main- 
tained on an oral dose of phtlialylsiilfatbiazole of 0.5 Gin. per 
kg. of body svciglit per day. disided into six equal portions .nnd 
administered at four-liour intcisals for petiods as long as six 
sv'ceks. ivitliont tlic tieselopmcnt of csidente of toxicity. 



Hypodermoclysis: \Vlien patients cannot take tlte sulfon- 
amides orally for any reason, the sodium salts of siilkspyridiiic, 
suKaihiazoIe, awl snlfadiarine may he comeniently and safely 
administered subcutaneously. Tins method of administration 
has been lepoi ted by Taplin, Custer, and Voung.''^ 

The iTiajmity of the {Kitiems of these autht»is u-ere trc.ated 
with 0.5 per cent sodium suironaniide solutions, made by dis- 
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solving 5 Grn. of the sodium siilfonainide in one liter of isotonic 
solution of three chlorides, isotonic solution of sodium chloride, 
or one-sixth molar sodium lactate solution. Concentrations of 
the sulfonamide compounds as high as 0.8 per cent ivere used. 
Isotonic solution of sodium chloride was the \ elude most com- 
monly employed. 



Chatc 10~-Th« eff«ct of varying doMg«s of succlnjhulfaihiazole on the 
coliform bacteria in the gasiroiniesunal tract of man; A diagrams the results 
of tbc oral ad/ninlstratJon of 0.1 Gm. per l(g. divided into six equal doses. 
B represents the cfTect of the similar administration of 0.2 Gm. per kg.; C, 
the effect of 0.25 Gm. per kg.; D, the effect of an initial dose of 0.25 Cm. 
per kg. followed after four hours by o 25 Gm. per kg. per day in six equally 
divided doses C<his patient had large ulcerating carcinoma of the rectum) ; 
E represents the course after the oral administration of three massive doses 
of 0.25 Gm. per kg at four-hour intervals followed by 0.25 Gm. per kg. per 
day divided into six equal quantities. (PDib, C Anb. Surg ) 


The solutions were prepared in one of the following ways; 
(i) The sodium sulfonamide rvas added to the vehicle and the 
mixture heated to the boiling point and allowed to cool to body 
temperature before administration. (2) The \ehicle was first 
heated to the boiling point and allowed to cool slightly and then 
the drug was added. After cooling the solution n-as ready for 


ptiARMACOLOGV AND THFRAPEUTICS • 45 





Chart 11 — ^The f<lau>e aniit>ac(erial aciivicy of sutcinylsulfaihiuole and 
tulfanU) Iguanidtoe as denions(rat«d by the effects of these drugs on the coif* 
form otgabisms in the bonci of man after oral admimsttation. A lectWed 
0J2i Gm. of sucdnjisuliathuzole per kc. daily io three equal doses for li 
da)s. This dosage was discontiiiueo, ana the oiaximurn recommended dosage 
of sulfanfl)lguanlduie. 2 Gm. every four hours, was started immediately. 
B, after receiving lO.S Cm. of sulfanil)Ig(unidine daily lor 14 da)S, had 
1,000,000 B. coll per Gm. of wet stool as indicated on day 0 of the chart. 
The curve indicates the course after the daily oral administration of 0.33 Gm. 
per kp of succinrlsulfathiazole: A had an intact normal gastrointestinal traa; 
B was suffering frooi chronic ulcerative colitis. 

tPclh, E. J . rl • Aftt, iwTf ) 


use. Tile first metiiod is the more convenient, but cither may 
be used ivitlioiit appaient difference in blood concentration or 
therapeutic response. 

The pH tallies of the sulfonamides in saline solution, as deter- 
mined by the lled.man apparatus, tvere as follons: Sodium 
sulfapyridine, lO.O; sodium siilfaihtazoie, 9.5, and sodium sulfa- 
diazine, 9.2. In spile of the decided alkalinity, these soUnions 
caused no local reactions when injected under the skin. 
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Table 19 — Dosage of Succinyesulfatiiiazole 
Concenlration of the Drug in the Blood and the Feces and the Quantity of 
the Drug Excreted in the Urine tn Cases in Which the Gastro- 
intestinal Tract Exhibited Various Lesions 




Tabiu 19 — Cotiliifited 


rbneaii- 


1 

n/ Ike />me 
tn ?b/ Bleflu, 

7m^" 

^afp 

CMpal, 

Cm 

Conje- 



rer/ 1 cared 

free 

l«ed 1 


■ I O-J I 15 
1 j 75 * 07 [ OS 


! r\ 


Suiol-. 

e:, i 


ts ! 017 I 041 


07 1 027 I 022 


• Day ot 
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Cammmt 


5)r^ration arvrrat (n'>mh« prr^imiily 
ab«cc«( r^iulunic from perforation 
of dcKrnJjn^ cobn by fiiK bonr, frcal 
fiatuti reiultn!. actinorn>ooit« foond 
on one ruminjlson, nttentpi mide to 
cJrife fiitula mrSrmteocrrtt, lulfathia 
tirHe therapy did nni preeenc ei tenure 
brejjfdown of wonnd mulfinjt id for 
mation of double barreled colottomy, 
three Bonthr later aurcin>!auUafhta 
note (iven (0 25 Om. per Ift by mouth 
and 0 25 Cm per by tit ditullimb of 
erilutiomy daily), beeaitee of invoivr 
ment el aefl tinuei •ulfaihiimle wai 
siten befinninyon sisih day teaatu 
rale yrneral b^y tiwucf, eeilnaton) 
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Table 19 — Continued 
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WomiTr 33 yeart old mth muluplc fecil 
fistulas, fisc previous abdominal opc 
ntJOQi, including colectomy snd ileo. 
sigmoidoitomy, coliform orgsnisms 
dropped Irom 10^ to 10’, etiensive 
operation with open end to side anas, 
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else adbesion, course nncomplicatad, 
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action, 3 7 per cent ol ingested drug 
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postoperative day 


* Day 0^ operation. * Day of operation 

t Total prcoperativc orinary' ncrcuon t Toul prtoperative urinary excretion 


(Potb, E ;.((«/ Arci. Surs.} 

The solutions described were injected into both thighs by 
hypodermoclysis over periods o£ from two to fi^’e hours. Some 
patients were given an initial intravenous injection of from 
one-fifth to one-third of the prepared 0.4 per cent to 0.8 per cent 
sulfonamide solution over a 20- to 30-minute period. The re- 
maining portion of the solution tvas then given by hypoder- 
moclysis. 

From 19 patients blood samples for sulfonamide determina- 
tions were taken, in most instances at the following intervals 
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10 20 30 40 

HOURS AFTER 

tNiriAL PARENTERAL INJECTION 

Chatt 12— The blotxi conceatraiion cwnei followiog the {nrenteral ad- 
minutistloo of sodium sulfap^ridine to three patients. The («o patients 
sthose curves are indicated by tolid dt>u and holiow dou received an initial 
hypodetmocl)si» of 7.S Gni. and 5 Cm. respenivel)- of sodium sulfamidioe 
in 1000 cc. of saline solution. The patient «hose curve is indiraied by X's 
received an ioitial intravenous inteciion of 2 Cm. of sodium sulfap>ridu]e la 
400 cc. of saline solution. Immediately therealter a hypodermod^is of 3 Cm. 
of sodium sulfapyridine in 600 cc of saline solution was administered. At 
the points indicated by a circled plus sipa a second hypodermoci) sis of 1000 cc 
was given to each patient. The concentration of the second clysis was the 
same as that previously given. (Tsytm.C V , »»</ .•/. A. d) 

after treatment was started: 2, 4, 6. 8, 10, 12, 20, and 24 hours. 
In some instances, ti’lien indicatcd.asecondoret’ena third hypo- 
dermoclysis was given. As a rule, it was possible to give the 
drugs orally after the patient had reccited from 5 to 20 Gm. of 
the sulfonamide compound subcutaneously. The trend of blood 
concentrations after hypoderniic administration of three sul- 
fonamide compounds is illustrated in Charts 12, 13, and 14. 

In a personal communication Dr. Young states: ■‘^Ve no 
longer boil our solutions, but use sterile sodium salts instead, 
and W'e now use smaller doses at more ficqiient intervals. W’e 
have yet to experience any unfavorable local reactions from the 
subcutaneous administration of the sodium salts. ^Ve are using 
sodium sulfadiazine almost exclusively, because the blood levels 
are, of course, much better raainlaitied than with sodium 
sulfathiazole.” 


52 • GENERAL INFORMATION 





INITIAL PARENTERAL INJECTION 
Chart 15— Th« blood concentration curves after paremeral admlalstratlon 
of sodium suUathiazole to four paiicois. The two paiieots whose curves are 
indicated by X’s and small solid dots received an initial intravenous dose of 
1 Gra. of sodium sulfathiuole in 200 cc. of satioe solution. This was followed 
immediately by a hypodermoclysis of 800 cc. of the same 0.5 pet cent solu« 
tion. The two patients whose curves by hollow dots and Urge solid dou 
received hypodermoclysls initUIly of 1000 cc. of 0.75 per cent and 0.8 per 
cent sodium sulfathiarole in saline solution respectively. At the points lndi> 
cated by a circled plus sign three patients received second hypodermoclyses 
of 1000 cc. Each of the latter doses corresponded in strength to that previously 
administered to each patient. fTiplm. C. V., it 0I. ■ /. A. /LA.) 


Sulfonamide Fastness^ 

The indiscriminate application of the sulfonamides to dis- 
ease has emphasized the fact that they are not panaceas. Failures 
have occurred under conditions where sulfonamide therapeutic 
effectiveness has long been established. 

Such circumstances occurring in sufficiently increasing fre- 
quency har'e chilled the enthusiasm of some investigators, caus- 
ing them to lose interest in the sulfonamides generally and 
inviting them to turn their endeavors toward other possibilities 
sudh as gramicidin, penicillin, propamidine, acridine, and the 
like. 
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Chan 14 — The blood conceoiraiSon curves »fier ihe parenteral adminutra- 
tion of sodium sulfadiazine to three patients. Each of these patients received 
an initial intravenous dose of 200 cc. of O 5 per cem sodium sulfadiazine in 
saline soluuon, after which 800 cc of the same solution was gi>en as a 
bypodermoclysis Al the pottm indicated by a titcled plus sign each patient 
received a second hj-podermodysls of 1000 cc of the O.S per cent sodium 
sulfadiazine soluiiou. One patient received a third h>-podermodysis of the 
same strength and amount. fTipIm. G V.itsI ) A M- A) 

Earlier workers on the suHonamtdes were impressed by the 
fact that certain substances inhibited tJie bacteriostatic activity 
when the drug tvas applied topically. 

Decomposition of injured, nonviable tissues, degenerating 
cell bodies of the bacteria themselves, have long been known 
to destroy the chemotherapeutic effect of the drug. Methionine, 
paraaminobenroic acid, peptone, tissue extract, and purulent 
exudate soon nere included in the list of inliibitors. 

Failures in the oral administration projected into the problem 
the resistant character of the bacteria themselves and their un- 
canny neutralizing counteraliadc. 

Attempted explanations of these facts introduced the terms 
“sulfonamide fastness,’* ''sulfonamide resistant." 

Whether the predoratnaung factor in this fastness is a natural 
self-resistance or an acquired insensitivity of the organism to 
the drug isnot definite. 

However, wdiile self-resistant strains were isolated from cul- 
tures obtained in the presiilfonamide era, the available evidence 
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indicates the probability of strains previously sensitive acquiring 
a tolerance, following repeated exposure to subtherapeiitic quan- 
tities of the drug in the patient’s tissues. 

Inadequate sulfonamide dosage therefore is known to produce 
an acquired clinical resistance to further adequate drug therapy. 

On the other hand, it has been demonstrated that a resistant 
strain can be transmitted from one host to another, retaining its 
drug-fastness property. Thisseemsparticularly true in neisserian 
infections, a circumstance which emphasizes the necessity of 
adequate dosage, the elimination of haphazard tests of cure and 
of premature cessation of treatment of defaulters. 

Topically the presence of paraaminobenzoic acid in a lesion 
acts as a growtii stimulant for certain bacteria and exerts a pro- 
nounced antisulfonamide activity. 

These facts suggest that the seJf-resistanc property of bacteria 
might depend upon the formation of paraaminobenzoic acid, 
the removal of which will minimize the antisiiUonamide effect, 
azochloramid and urea (carbamide) . among other substances, 
having singular promise in this regard. 

Whether the activity of these substances is an enhancement 
of the sulfonamide effect alone ora neutralization of the inhibitor 
mechanism, or both, is debatable. 

Decidedly synergistic against certain organisms, urea-sulfon- 
amide has the advantage of being relatively nontoxic. It is a 
strong peptonizing agent exerting solvent action on necrotic 
tissue, pus, and detritus, thus chemically debriding contaminated 
wounds and mechanically at least removing inhibitors. It Joses 
bacteria, rapidly deodorizing foul-smelling wounds, and renders 
sulfonamides more soluble. It stimulates gianulations, vascu- 
larization, and hyperemia. Uniformly effective, it permits many 
variations in its therapeutic application. 

Topical Use 

Sulfanilamide usually is the drug of choice for topka] use 
because of its solubility. The sodium salts of sulfapyridine, sulfa- 
thiazole, and sulfadiazine also are soluble, but their alkalinity 
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is high and they are therefore apt to be quite irritating. As stated 
under the section of Dosage of Sulfanilamide, this drug is used 
locally in a dosage of 1 Gm. for each ten square inches of surface 
involved, but in closed c.ivmes not more than 5 Gm. should be 
used. At no time should more tlian 15 Gm. be used locally, for 
the drug is absorbed rapidly and toxic reactions can readily 
develop. 

Oil SitsJ>ettsions 

Angevine’ has reported on the absorption and excretion of 
sulfonamide compounds suspended in oil. The autlior used soy- 
bean, corn, sesame, peanut, cottonseed, and olive oil, hydrous 
wool fat, and yellow pccrolauim. The oils were commercial 
preparations not further purified, and of them the largest 
volumes of drug could be added to and the smoothest suspen- 
sions obtained with soybean oil, corn oil, and sesame oil. For 
a few days there is a slight separation of oil and drug on standing. 
However, the suspensions of sulfanilamide, sulfapyridine, and 
sulfadiazine can be remixed readily with a glass rod. The sus- 
pension of sulfathiazole can be remixed also, but with more 
difHculty. Even when kept at room temperature for three 
months suspensions are still apparently saiisfaciory'. The sul- 
fonamides mentioned above can be suspended in oil in high 
concentrations. Only slight local reaction occurred when the 
oil suspension of sulfonamide w.ts injected subcutaneously. In 
animals a single subcutaneous injection of sulfanilamide, sul* 
fatliiazole, or sulfadiazine suspended in oil was absorbed at a 
uniform rate and, depending upon the dose, produced a concen- 
tration of the drvig in the blood for as long as eight days. Excre- 
tion of the drug in the urine continued for several days after 
it had disappeared from the blood. Suspensions of sulfanila- 
mide or sulfathiazole in soybean oil were instilled into the 
infected sinal tracts of five patients witli osteomyelitis. The drug 
was found in the blood for six days and continued to be ex- 
creted in the urine for as long as 137 days. The sinuses of two 
of the patients healed completely and those of the others im- 
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proved. The author believes that this method of therapy de- 
serves further trial in chronic osteomyelitis and in other types 
of infected wounds. 

Hemostasis 

In the local treatment of osteomyelitis with sulfamethylthia- 
zole powder it was noticed, according to Cunningham,® that in 
wounds in which ordinarily there would be considerable post- 
operative oozing xvith subsequent saturation of the dressings, the 
sulfonamide caused them to remain almost uniformly dry'. This 
observation prompted the thought that the drug might possess 
hemostatic powers of some degree. 

A short time later a patient was admitted to the hospital bleed- 
ing from the left tonsillar fossa six days after tonsillectomy. The 
bleeding w'as of a persistent, oozing type, and had failed to 
respond to the usual methods of control, such as sedation, clean- 
ing of the fossa, local application of pressure, and the application 
of snake venom to the fossa. The bleeding arose in the lower 
pole of the tonsillar fossa, close to the base of the tongue. The 
fossa rras rriped dry" and a small amount of suJfamethylthiazole 
powder was applied lightly w'ith a sponge. A thin yellow scum 
formed on the surface of the tissue and the oozing ceased almost 
immediately. 

In laboratory experiments which followed, scabs were evulsed 
and the oozing wounds sprayed with the s'arious powdered drugs, 
a powder blower being used. Wounds were sprayed with powder 
until they tvere thoroughly and smoothly covered. The tvounds 
covered with talc continued to ooze unabated; sulfanilamide and 
sulfathiazole likewise had no noticeable effect on this oozing. 
AVhen sulfamethylthiazole svas sprayed on the surface of the 
wound, however, an immediate effect tvas noted; a yello^vish 
scum, closely adherent to the surface of the wound, seemed to 
form. Oozing simultaneously ceased and the wound remained 
dry unless this surface layer was rubbed from the wound; if this 
was done, bleeding would startagain. 

Wounds sprayed with powdered sulfap^xidine responded at 
least as tvell as, and often better than, those sprayed tvith sulfa- 
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methyhhiazole powder. The technic consisted of the spraying 
of a fine layer of powder over the surface of the wound. Bleeding 
and oozing usually were affected immediately, the surface of tlse 
wound becoming rather dry and covered witJt a thin, tenacious 
coating of the drug. This coating could easily be dislodged. 

A solution of 40 per cent sodium sulfapyridine was tested on 
experimental wounds. Wiilnn three to five minutes the wounds 
appeared to he uniformly dry', and it was noted that the base of 
each wound was covered with what appeared to be a fine, silver- 
like precipitate. The wounds remained dry, and at the end of a 
half hour were still dry and covered by the film, which by this 
time had almost the consistency of scab formation. 
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Toxic Reactions of the Sulfonamides 

W HILE the ability of the sulfonamides to overcome many 
infections is unquestioned, it is just as true that they are 
capable of eliciting toxic reactions within the body organism 
and that the margin of safety between therapeutic effect and 
toxicity, particularly in the three older members of the group, 
sulfanilamide, sulfapyridine, and sulfathiazole, is not great. 
These toxic reactions are likely to occur in varying degrees at 
any time when the drugs have been administered and the phy- 
sician must be ever alert to their appearance. The following 
chart is a guide to the commoner toxic symptoms. 

The formation of renal calculi leading to a blocking of the 
urinary tract and anuria is always a possibility in sulfonamide 
therapy, particularly with sulfathiazole and less so with sulfa- 
pyridine, and must be rigidly guarded against. This possibility 
becomes even greater in warm climates, where sweat glands are 
more active, with a consequent decrease in the volume of urine 
excreted. To guard against the possibility of fatal anuria, it is 
most important to ensure a steady output of urine. Not only 
should fluids be pushed, but a record of the amount of urine 
passed should be kept and the quantity in 24 hours not allowed 
to drop below 1500 cc. 

Sulfadiazine is often regarded as a practically safe member of 
the sulfonamide group of drugs, but it, too, is capable of causing 
an anuria by a mechanical blockage of the ureters. Such a case 
was reported by Maih6.* A review of the literature, says this 
author, reveals 15 cases of sulfadiazine anuria during the past 
year, and undoubtedly others remain unpublished. Ten were 
due to mechanical blockage of the ureters by crystals, and all 
but one were relieved by ureteral catheterization, that one receiv- 
ing nephrostomy drainage. Four cases of anuria terminated in 
death due to acute toxic degenerative nephritis, resulting from 
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calcifying necrosis of the tubules of the kidney. Trvo of tltese 
died in spite of ureteral catheterization. 

The fact that sulfadiazine causes fewer gastrointestinal dis- 
turbances, continues Mathe, permits its ingestion by the average 
patient over a longer period of lime than is usual with the allied 
group of drugs. In the sustained absence of toxic symptoms, the 
attending physician is prone to become overconfident and less 
alert to signs of potential renal damage, allowing complications 
to take place insidiously, which may vary from transitory hema- 
turia to anuria and even death. 

In 38 cases treated by Wright and Kinsey^ with sulfadiazine, 
there were numerous cases of renal irritation, ranging from mild 
tenderness over the kidney to severe anuria, a greater frequency 
of renal complications than these authors had experienced with 
other sulfonamides. Seven patients had hematuria. 

Louria and Solomon^ report on complete anuria following 
sulfadiazine therapy and reach the following conclusions: 

1. If the urine output is good, the presence of crystals in the 
voided urine output should not be considered as indication for 
discontinuing the drug. 

2. The appearance of gross blood in the urine at any time 
during administration of the drug should be an indication for 
discontinuing the drug. 

3. Hematuria clears up promptly after the drug has been 
stopped. 

4. No permanent renal damage has been obser^'ed in the cases 
in which recovery has been reported. 

5. Obstruction of the urinary tract resulting from the deposi- 
tion of crystals of the drug may be relieved promptly by ureteral 
catheterization and pelvic las'age. 

6. Whether alkalization of the urine will deter crystal deposi- 
tion in the urinary tract is still a moot point. 

Adams^ reports radiopaque membranous pyelitis following 
sulfonamide therapy. Tsvo cases were observed in svhich a cal- 
careous radiopaque membrane formed on the epithelial surfaces 
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of the calices and renal pelvis of a kidney partially or completely 
blocked by a small ureteral calculus. Sulfathiazole in one in- 
stance and sulfadiazine in the other are thought to be at least 
partly responsible for this complication. Similar sulfonamide 
renal complications have not previously been reported. The 
membrane and kidney were available for study in one case and 
only the membrane, passed spontaneously, in the other. 

Sulfathiazole and sulfadiazine may cause rapid formation of 
a nonsoluble, calcareous, radiopaque membrane on the epithelial 
surfaces of the calices and pelvis it there is an associated ureteral 
stasis, pyelonephritis, and alkaline urine. Tliercforc, these drugs 
should not be given indiscriminately in such cases but, if thought 
mandatory, every effort slionld be made to prevent the formation 
of such membranes by correcting ureteral stasis, maintaining 
renal drainage, improving the renal output and rendering the 
urine highly acid (pll 5.6 or less) . 

Early operative removal of such membranes is not indicated, 
for it is quite impossible to remove this material early eitlier by 
nephrotomy or pyelotomy, when separation from the pelvis and 
calices is dirBctilt. Later such membranes may separate sponta- 
neously and are tiieu more easily removed, or they may pass 
without operation. 

Renal damage from sulfonamide therapy is due to itvo causes: 

(1) Mechanical obsmjction and irritation by the crystals, and 

(2) toxic products of reactions to the drug. The drug should 
be stopped at the first sign of kidney complication. Fluids should 
be forced during the administration of sulfonamides, but the 
positive water bakmce should not be over 5000 re. or edema of 
the brain with possible death may result. If oliguria drops to 
500 cc., catheterization and cystoscopy should be performed, but 
one may wait 12 to 24 hours in the hope of diuresis. ^Vhen the 
oliguria persists or if anuria develops catheterization slinuld be 
done without delay and the catheters left in place until the 
urine is clear. Tlie pelves should be washed frequently with 
warm water, normal saline, or sodium bicarbonate in sterile 
solutions, which relieves the cxtrarenal obstruction. 
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For intratiibular obstniction, large quantities of fluid should 
be administered and, if necessary, hypertonic dextrose solution 
intravenously as diuretics. Magtiesium sulfate predisposes to 
sulfhemoglobin formation and ordinarily should be avoided, 
but when the oliguria persists and no cyanosis has developed it 
may be resorted to intravenously. Afercuric and acid diuretics 
should not be used. The patient should be given an alkaline- 
ash diet and the urine kept alkaline with sodium bicarbonate. 
Fluids should be continued for several days after the kidneys 
base become normal and follow-up studies should be performed 
for residual or latent damage. 

A complication of sulfonamide therapy has reached great 
importance during the present war. It has been found that pilots 
of aircraft are likely to crash while taking sulfonamides. Anoxia 
develops at much lotver levels and there is an interference witli 
depth perception. It was discovered that safety demands that 
pilots be grounded during and for a minimum of six days fol- 
lowing the termination of sulfonamide therapy . 

Foulger* comments on this, quoting from the editorial corre- 
spondence in the Journal of Aviation Medicine (11:134, 1940): 

"The use of sulfanilamide in the treatment of disease has 
increased our care of flyer problems. The British ha\e found 
that a single dose reduces a pilot’s ceiling about 5000 feet. IVe 
have had one death just after Bying. from it, and one collapse. 
It is easily obtainable by anyone and, in fact, civilian doctors 
prescribe it without a thought of danger in relation to flying.” 

If a pilot flies abo\e his ceiling (12,000 to 14,000 feet) without 
using oxygen he may pass rapidly through all the early stages of 
action of toxic chemicals loastaieof circulatory collapse. WTien 
under treatment •with sulfanilamide and similar drugs he has 
progressed rveJJ toirard stages 4 and 5 even before flying, and a 
sudden decrease in oxygen supply may prove disastrous. In in- 
dustrial medicine, the early action of toxic chemicals closely 
simulates oxygen deficiency and may lead to as drastic results as 
are experienced in aviation. 
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Further evidence of the action of sulfanilamide is given by 
Houghton and his coHaboraiors: 

“The mental and physical handicap of taking the drug in this 
dosage (2 to 3 Gm. daily) is greater than the psydtological and 
physiological tests would indicate. Aside from the vomiting in 
two of the six cases, each of the subjects had a feeling of consider- 
able malaise and mental incompetence. Such feeling was not 
conducive to good work in the laboratory during the period of 
the drug and would undoubtedly impede the skilled activities 
of workers in tndusliy or the military. In emergency, however, 
a considerable amount of unskilled labor should still be possible, 
provided die subjects ate free from vomiting.” 

An editorial note in J. A. M. A. on Mental Confusion from 
the Sulfonamides (119:1431 [Aug. 22] 1941) refers to a report 
of the Committee on Disability and Rehabilitation, Medical 
and Surgical Section, Association of American RaiIro.ids, in 
which "il is recommended ilui a patient, after receiving treat- 
ment of this type, should be free from work for 7 to 14 days fol- 
lowing sudi administration, before being permitted to resume 
duties in either engine or train service. The possibility of serious 
mental confusion must be borne in mind, especially for those 
whose activities under circumstances of impaired judgment 
would be particularly hazardous to others. 

"Tliis would include many occupations in riiil life and prac- 
ticallyall those in military fields.” 

The effects of the “sulfa” drugs are rather lasting. IVe have 
record of at least one case in which a worker, having reached a 
stale of circulatory collapse, failed to recover, with rest, in the 
normal period of two to six lioun. He was under treatment witli 
a “sulfa" drug merely because he showed an unexpkained lem- 
peraitrre rise. Actually, three weeks of rest were needed before 
a normal circulatory score was restored. 

Ned?el8 reported experiments on white mice that shotved 
sulfanilamide to be more toxic for them in April-ffay tlurn in 
November-Dccembcr. The same held true for the N. V. 5 Cornell 
strain of Streptococcus hemolyticus. 
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The experiments Avith sulfanilamide were carried out on 
white mice in the following manner: From April 27 until May 
18, 1942, inclusive, the same number of male and female animals 
were daily injected: (I) With sulfanilamide (first group) ; (2) 
sulfanilamide and streptococcus hemolyticus (second group) ; 
(3) streptococcus hemolyticus alone (third group) . Each group 
consisted of eight male and eight female mice, or 16 altogether. 
Forty-eight was the number used daily, thus the total number 
of mice employed in the experiment was 864. The administered 
sulfanilamide was a one per cent tv/v solution of distilled water, 
the temperature of the solution at the time of administration 
being 37.5® C. Each injection consisted of 1 cc. given subcu- 
taneously, and four sudi injections were administered at inter- 
vals of one to one and one-half hours. The solution was supplied 
by Professor G. L. ^Vcbster of the College of Pharmacy and the 
streptococci were of the N. Y. 5 Cornell strain from Dr. M. V. 
Novak’s collection. They were administered intraperitoneally 
in the amount of 0.1 cc. of brain broth culture, incubated at 
37* C. for 24 hours. 


Table 2 


Injictton 

Tme «J 

1 Adminislratton 

Per Cent oj lihte That Died 

Difference 

Between 

Total 

Deathi 

Male 

Female 

7o£a/ 

Sulfanilamide 

1 

April — May 

22 9 

27 7 

25 3 

—5.6 

Nov. — Dec. 

18.4 

2) 1 

19.7 

Sulfandaznide 

Strep, hemol. 

April — May 

63 2 , 

68.7 

65.9 . 

—2.1 

Nov. — Dec. 1 

65.1 , 

62 5 

63 B . 

Streptococcus 

hemolyticus 

Apnl — May 

715 

75 0 

73 3 

—10 8 

Nov. — Dee 

59 8 

1 65.1 

i 62.5 


(Nfdiel, A. J , Vrel. & Rip-) 
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Beginning November 17 until December 5, 1912, inclusive, 
experiments similar to those just described u’ere repeated in 
exactly the same manner, the total number o£ mice used this 
time being 912. The results of both series of experiments are 
presented in Table 2. 

The author does not attempt to apply his findings to humans, 
but points out that emdronmental factors, particularly atmos- 
pheric changes, bring about constant changes in our physiologic 
states. TJie decreased output of urine in the warmer months, 
mentioned previously, may he one factor in a greater toxicity 
of the sulfonamides in spring and summer, if such is true of 
humans. 

That the sulfonamide drugs are capable of producing pro- 
found effects on the blood and blood-making organs has been 
known for some time. Some of the toxic effects reported have 
been acute granulocytosis, throml>openic piirpum, Icukcmoid 
reactions, and malignant neuiTopenia. Kracke and Townsend^ 
made a study on the platelets in p.itients receiving sulfonamide 
drugs and reported their results as follows: 

After observing three patients who had been treated with 
sulfathiazole and who subsequently bad severe hemorrhages 
with ultimate death of all, we decided to investigate the effects 
of sulfathiazole on the platelets of patients who were receiving 
this drug in routine hospital pmctice. 

It became necessar)' to select a satisfactory method for the 
estimation of platelets, and we first made platelet determinations 
by the three standard methods on 27 normal subjects. The 
platelets were estimated by the direct method, Fonio's method, 
and Olef's method. The blood for the three tests was taken 
from the normal subjects at the same lime. 

The direct method consists of ptinctming the finger, tviping 
away the first drop of blood, drawing diluting fluid to the 0.5 
mark., and then blood to the 1.0 mark in a red cell pipet and 
diluting fluid to fill the pipet. The fluid used was that of Rees 
and Ecker and is an aqueous solution containing sodium citrate 
and solution of formaldehyde with a small amount of brilli.int 
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cresyl blue. After proper shaking of the pipet the counting 
chamber is filled and allowed to stand for 15 minutes on damp 
filter paper in a petri dish. The platelets are then counted. By 
this method the platelet count is usually between 250,000 and 

350.000 per cmm. with extremes of 200,000 and 450,000 per 
cmm. The average platelet count on 27 normal subjects was 

277.000 per cmm. 

Fonio’s smear method consists of puncturing the finger and 
at once placing a drop of 14 percent magnesium sulfate over 
the puncture before the blood begins to flow. The blood then 
flows into the drop until the proportion is about one part of 
blood to one part of magnesium sulfate solution. A small drop 
is then placed on a slide and a thin smear is made. The magne- 
sium sulfate is then wiped away and an ordinary red cell count 
is done by the usual technic. Tlie smear is stained ^vith Wright’s 
stain, the platelets are counted with the oil immersion objectise 
until 1000 red cells in various microscopic fields have been simul- 
taneously enumerated. From these data the number of platelets 
is computed. In the group of 27 normal persons the aserage 
platelet count ^vss 351,000 per cmm. 

The third method used is known asOlef’s paraffin cup method: 
The finger is punctured, the first drop of blood removed, and a 
drop of diluting fluid placed over the puncture. The formula 
for the diluting fluid used in OleFs method is given in Table 3. 
The blood then flows into the fluid in approximately equal 
amounts, and this mixture is received into a small paraffin cup 
which contains more of the diluting fluid. After being stirred 
with a paraffin-coated applicator and allotred to stand for two 
minutes, it is transferred to a slide in the form of a small drop 
sufficient to spread under a cover glass. After standing for 15 
minutes, simultaneous counts are made of platelets and red cells 
and the number is then computed. By this method the usual 
range is 350.000 to 400,000 per cmm. 

After this preliminary study, sve decided to use Fonio’s smear 
method for further studies. We based this decision on the fact 
that this method has the advantages of simplicity and, second, 
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of providing a permanent preparation. The results obtained by 
this method are within ten per cent of those obtained by the 
Olef method, which is probably more accurate. In any event, 
once a method has been chosen for routine purposes, it should 
be used to the exclusion of all others, so that platelet estimations 
will have comparative value. The Individual counts in this study 
of 27 nonnal persons is given in Table 

Since the platelet counts may vary widely in the same indi- 
vidual from day to day, this has to be taken into account in an 
evaluation of the platelet fluctuations of patients tmder treat- 
ment. We decided to carry out tbily platelet counts at approxi- 
mately the same hour of die day on fii'e nonnal subjects for a 
period of ten da^s. The results of this can be seen in Table 4. 

It can be seen from this study that the platelet count may 
vary from 204,000 to 514,000 per cmm. in a normal person and 
in another subject from 264,000 to 407,000 per cmm., so it is 
obvious that great variations occur from day to day in the nor- 
mal platelet count of the same individual, even when the counts 
are made at the same time of day with a standardized, carefully 
worked-out technic. 

Platelet determinations were begun on patients who were ad- 
mitted to the hospital for various causes and who were receiving 
or were to receive sulfathiazole therapy for a variety of condi- 
tions. Tills scries included 61 patients, all of whom received 
therapy over a variable number of days, usually ranging from 
three days to eight days, and longer in an occasional instance. 
In a group of 23 of these G1 patients it was possible to obtain 
platelet counts before the institution of dntg therapy. The 
results obtained on each patient can be seen in Table 6, and in 
Table? isasumniaryof the results. 

These results indicate that there is but little significant differ- 
ence betvveen the platelet counts of the patients before drug 
therapy is giv'en and the counts on the first, second, and third 
days of therapy, but in nearly all patients after therapy has been 
discontinued there is a fairly sharp rise in the number of platelets. 
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These averages are expressed in Table 8 and are presented 
graphically in Chart 1. 

Thus, in 23 patients, the average platelet count on the day 
before drug therapy xvas 275,000, on the first day of therapy 
nearly 300,000, and on the second day of therapy 250,000, which 



Chart 1— Average daily variation in the number of platelets in normal 
subjeas (solid line; details in Table 4) and in patients during and after 
sul/atbiazole therapy (brol^ line; derails in Tables 6, 7, and 8). 

(Krute, R. R . and Towwend, E. W.- /. A ^11. A.) 


was below the average level in the beginning. On the day that 
therapy was discontinued the average platelet level was nearly 
350,000, but on the following day it rose to 525,000 and then 
again fell back to its normal les'cl. 

The results ^vould seem to indicate that in patients receiving 
sulfathiazole therapy there is a slight depression of the platelets 
on the second day of therapy and a decided increase in the 
number on the day after therapy has been discontinued. Be- 
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cause of the wide \analion in nomtal platelei counts, conciu- 
slons to be drawn from the platelet V'alues of these 61 patients 
cannot be done with any degree of certainly. We can merely 
state that tliere seems to be a trend toward slight platelet depres- 
sion after tlie institution of therapy and a considerable increase 
in the number of platelets after cessation of therapy. This trend, 
coupled with the tuo cases reported in this paper and those in 
the literature, indicates that in some instances platelet depression 
may occur to the point of throinbopcnic purpura. 


Tahle S — The Dilittixc Fluid Used in* Olff's MrnioD 


Sodium metapIio<phate (Howe SL rrench) 

Sodium chloride 

OextruK 

Sodium bicarbonate 
Qrilltatit ctmyl blue 
Diitillcd vatcr 


1.0 Gtn 
0.4 Cm 
0.1 Gre 
0.1 Cm. 
0.15 Go 
>00.0 ee 


<K(«ci«. It R . *ad T««AKnd. C XT J. A M. A.) 


Taui.e *1— Normal Dailv Variations in Platelets in 
ricALTiiY Adults 



1 Dail^ tlairttt Count (»i T/iaatmds) 

Sabj/ct 

7 

2 

1 ^ 

4 

^ 1 

C 


S 

0 


, 

514 

480 

429 

362 

1 274 

309 

300 

349 

356 

264 

2 ' 

2C4 

367 

i 407 

284 

1 319 

395 1 

507 

399 

514 

451 

3 

270 

242 

427 

288 

1 251 

366 

330 

307 


1 

4 ' 

307 ' 

364 

1 275 

318 

1 336 

432 

431 





322 1 

358 

i 331 

368 








(KfKtw.n » . joATomnwoO, t tl' }. A N A ') 


Acute agranulacytosis due to the administration of stilfanil- 
ainidc has been reported by Long. Havil.ind, Edwards, and 
Uliss*^; suUapyTidinc by Dolgojsol and llnlL-irt®; siiKathianilc by 
Kennedy and Finland, and stilfadiarinc by Curry.»t John- 
son*2 reports the following rase due to succinylsulfathiarole; 
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Tabij; 5 — Platelet Determination by Three Methods 
IN Normal Subjects 


Subject 

Dtrtet 

Method 

Method 

Oleft 

Method 

1 

212,000 

443.520 

485,100 

2. 

259,000 

291,200 

565.760 

3. 

325,000 

445,410 

456,520 

4., 

238,000 

353,760 

378,210 

5. 

274,000 

367,920 

443,520 

6 . 

224,000 

481,320 

492,780 

7. 

200,000 

303,750 

252,350 

8. 

235,000 

378,020 

378,020 

9. 

224,000 

374.000 

204,250 

to. 

209,000 

351,000 

369,000 

ll 

270,000 

298,960 

319,160 

12. 

312.000 

330.600 

364,800 

13. 

334,000 

374,320 

351,260 

14 

265,000 

340,180 

407,420 

15. 

391,000 

419,220 

493,200 

16. 

299,000 

252,450 

362,610 

17. 

219,000 

202,350 

276,900 

18 

244,000 

283,930 

291,830 

19 

367,000 

450.300 

677,150 

20 

209,000 

300.300 

373,230 

21. 

420,000 

525,200 

463,200 

22 

258,000 

300,000 

423,150 

23 . 

243,000 

337,400 

404,880 

24 

428.000 

501,000 

527,940 

25 

342,000 

333,000 

397,600 

26. 

180.000 

240,000 

350,620 

27 

294,000 

328.400 

351,740 

Averages 

277,000 

351,000 

400,000 


(K>*clic. R R . jndTowostnd. E. W ] A M A) 


Acute agranulocytosis was fatal lo a youth who had received 
a total of 159 Gm. of succinylsullathiazole over a period of H 
days. The patient had demonstrated reactions on two previous 
occasions while taking sulfathiazole and concomitantly receiv- 
ing injections of killed typhoid bacilli. Though the first episode 
of fever might ha\e been due to the injection of killed typhoid 
bacilli, the second febrile reaction was undoubtedly due to sulfa- 
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Table 6 — Platelet Counts in Patients Under Sulfatmiazole 
Therapy 
(Continued) 



•patients 1 through 18 and 47, 56, 59, 60 and 61 were infants and ciiildren 
aged 4^ months to 12 years. 

tPaticnts 19 through 58 as they appear in the table were aged 13 to 61 years 
Patients 34 through 37 were over 70 years of age. 

{Patient 42 received sulfathiaaole for two days, had chemotherapy disconUnued 
for five days, and received a second course of the drug for three days 

fPatient 22 wa$ continued on sulfatbiaaole therapy foe ten day# and showed a 
platelet count of 400,000 on the ninth and on the tenth day 

(Krseke. R R . sod Towiuead. E. W J. A. M. A ) 


ihiazole. On the second day following the administration of 
succinylsulfathiazole a fever developed which persisted for four 
days. As succinylsulfathiazole is partially hydroljTcd to sulfa- 
thiazole, this febrile response no doubt tras due to a sensitization 
to sulfathiazole, which sensitization manifested itself during the 
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Table 7 — ^Average Platelet Counts in Patients ^vml 
SULrATHIAZOIX TlIERArV 


1 

Day bJ Tturapy 


0 

7 

2 

■’ 1 

4 

S 

1 -^ 

7 

* 

1 

70 

Childrrn 

357 

102 

376 

419 1 

476 

460 

1 1 

457 

717 



Adulu. . i 

257 

296 1 

253 

384 1 

290 

401 

4U 

293 

233 1 

i 

357 

296 


IXrjAt.H ^.jbaTowiWBi.l.TP: ) A M A.) 


Table 8~AvrRAGE Platelet Counts in Rllation to Davs 
After Discontinuance or Sulfathiazole 


Daj ' AJltr Ducentmuahon 



7 

B 


1 ^ 1 

1 ^ 1 

1 ^ 1 

1 ^ 

Children 

417 

■M 


mi 


Hi 


Aduht. 

343 


m 

m 

m 

m 

gj 


'Count nude In one ca.«c onlr. 


(Knew. R. R.. mil TovDieod, £ XP : / A AI A > 


second course ot achninisiraiion o! the drug. However, with 
continued administration of succiuvIstilfaihiazoJe the tempera- 
lure, pulse, respiratory rate, and white blood cell count became 
normal, so it was belies cd that this intolerance to the drug had 
ceased. For eight days the patient was asymptomatic tvith a 
normal temperature and wJitie blood cell count. His final febrile 
response began with the injection of killed typhoid bacilli. Acute 
agranulocytosis began tvhen he had taken 159 Gm. of succinyl- 
sulfathiazole and continued to termination in spite of treatment 
svhich had cured attacks of acute agranulocytosis in rats fed 
succinylsulfathiazole. SensUhiiy has been shown to be present 
not only when there has been an interruption in the course of 
medication, but also when there has been a prolonged adminis- 
tration of large doses of the drug. Both of these conditions were 
present in this case. 
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A second course o£ sulfathiazole must be given cautiously, as 
evidenced in a report by Lyons and Balberor,^^ rvho shorv that 
febrile reactions may result. Although such febrile reactions 
may not in themselves present any danger, they cannot be dif- 
ferentiated from the fever caused by the infection for ■which the 
sulfonamide has been given and may tempt the physician to give 
larger doses of the sulfonamide. The authors’ conclusions follow: 

1. Nineteen of 53 patients (36 per cent) to whom sulfathia- 
zole tvas readministered experienced a febrile reaction shortly 
after the beginning of the second course, although no fever 
attributable to the drug u'as experienced during the first course. 

2. Febrile reactions tvere characterized by a sharp rise in tem- 
perature from 102® to 106® F. and were often accompanied by 
chills and were associated with prostration and weakness. 

3. Eight of ten patients who had a termal reaction with the 
second course experienced a similar reaction when given a third 
course of the drug. Certain selected patients had multiple febrile 
reactions when given repeated courses of sulfathiazole. 

4. No patient exhibited a thermal reaction earlier than the 
ninth day, although the second course in some instances was 
started as early as the fifth day after the initial contact with the 
drug. 

5. A febrile reaction occurred with the readministration of 
the drug, although the interval between courses was prolonged 
to as long as 41 days. 

6. In a series of 200 consecutive routine hospital cases, in 
which a single course of sulfathiazole was administered, a drug 
fever developed in only five. None of these occurred before the 
seventh day. If the cases in which the drug v\’as given for less 
than seven days are eliminated, the incidence of drug fever in 
this series is a little over ten percent. 

7. It is suggested that the fev-er is due to a drug hypersensi- 
tivity and that the incidence of this reaction is enhanced by an 
interval between courses in contrast to the continuous adminis- 
tration of the drug. {See also page y8.) 


TOXIC REACTIONS • 75 



8, The patients in this series who exhibited a thermal response 
to readministration of sulfathiazole were able to tolerate sulfanil* 
amide or sulfapyridine without fever. 

Green and SteckeP^ report a case showing this fever reaction 
to a second course of sul fonamide therapy: 

D. K., a white male aged 30. tvas admitted to the hospital on 
June 22, 1942, stating that pustular lesions had appeared on the 
skin of his legs about three weeks before admission. These had 
subsequently increased in number and size. He had no other 
complaint. 

Physical Examimtion: Tlie patient was a well-developed, 
well-nourished soldier, afebrile, obviously not acutely ill. The 
only abnormal finding consisted of a large number of typical 
ecthyma lesions almost equally distributed on the anterolateral 
aspect of both lower extremities. 

Laboratory Examination: Tlie urine was normal in all re- 
spects. The blood showed 4,250,000 erytlirocytes per cmm. 
hemoglobin of 90 per cent, anti a white count of 7900 with 05 
per cent polytnorphonuclears, 32 per cent lymphocytes, 2 per 
cent monocytes, and 1 per cent eosinophilcs. Tljc Kahn tvas 
negative. Blood sugar determinations were within normal 
limits, as tvas the basal metabolic rate. Staphylococcus aureus 
^vas aillured from pus obtained from the lesions. 

Course: Sulfathiazole svas administered orally on the day of 
admission in divided doses totaling 5 Gm., with four I-Gm 
doses ordered given at four-hour intei'vals daily until othenvise 
changed or discontinued. Local applications of five per cent 
sulfathiazole ointment to the lesions were initiated at the same 
time. The following day, June 23, after two doses of sulfa- 
thiazole, or after a total of 7 Gm. orally, the patient suddenly 
developed a fever, which rapidly mounted to 102° F., and was 
accompanied by a generalized tnorbtlliform dermatitis. Sulfa- 
thiazole both orally and locally was ordered discontinued, but 
through oversight the ointment applications were continued. 
Careful questioning revealed that the patient had never before 
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TJlis question of sensitivily is dealt ^v’ith in the foUotving 
editorial >vhich appeared in ilie J. A. M. A.:^^ 

A dreinical theory as to the methanisin of acquired sensitivity 
to sulfonamide compounds is siippoiled by a study made by 
Wedum of the Department of Bacteriology, University of Cin- 
cinnati, on the antigenicity of sulfonamide azoproteins. 

Statistical evidence recently published by Lyons and Balberor 
indicates that approximately oiie-third of all patients treated 
with sulfonamide drugs develop a sensitivity to these drugs suf- 
ficient to interfere with their subsequent use on these patients. 
OUier investigators have shown Uiat this sensitivity usually de- 
velops about nine days after the fiist administration of die drug 
and may persist for at least two years. The dominant symptom 
of the resulting ‘'sulfonamide shock” isa piompt febrile reaction, 
often reaching higher than 104* F., accompanied by chilliness, 
erythema, pruritus, and conjunctival injection. Attempts to 
diagnose the hypersensitive state by patch, scmtcli, o» inira- 
dermal tests, or by passive iransfer of the patient’s sciiim iiave 
almost invariably given negative results. In vitro scrum reactions 
are also negative. Acquired sulfonamide sensitivity to deriva- 
tives must dicrefore differ essentially fiom the familiar clinical 
picture of allergy or anaphyla.\is. 

In order to determine tlic physiologic mechanism of tins 
acquired sensitivity, attempts were made by the Cincinnati bio- 
cliemist to sensitize guinea pigs to sulfanilamide, sulfapyiidine, 
and siilfaiiiiazole. Each animal received tliree combined intia- 
dermal and intraperitoneal doses of the drug at intervals of three 
days. The animals w ere tested I)y an intradcmial injection of an 
aqueous solution of each drug 29 d.i>s after the last dose. Local 
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skin reactions ^\cre not noted. To each of a second group of 
presumably sensitized guinea pigs was given a shocking dose of 
the same drug intracardially. Constitutional anaphylactic reac- 
tions did not occur. A third group of treated guinea pigs gave 
negative hi vitro reactions on specific precipitin titrations. Evi- 
dently sulfonamide compounds arc in tliemselves nonantigenic 
and cannot ser\*e as sensitizing, immunizing, or testing reagents. 
Theoretically, the only way these drugs could function as anti- 
gens, therefore, would be as haptens conjugated with a colloidal 
protein carrier. 

In order to confirm this deduced hapten function, the three 
sulfonamide compounds were each conjugated with egg uhite, 
beef serum, human serum, or rabbit serum by the Landsteiner 
technic. The resulting sulfonamide azoproteins were used as 
sensitizing agents for a series of guinea pigs. Twenty-nine days 
after the final sensitizing dose the guinea pigs all gave positive 
reactions to intracutaneous tests with the same protein conju- 
gates, in some cases the leaction being suFicienily severe to cause 
local necrosis. Cross sensitization was noted \vitli these hapten 
conjugates. Sulfanilamide azo beef proteins, for example, gave 
positive reactions on guin^ pigs sensitized with sulfanilamide 
azo human serum proteins and vice veisa. Reactions with the 
homologous protein, however, tvas always strangest. 

A second group of similarly sensitized guinea pigs was tested 
for constitutional anaphylaxis by intracardiac injections. Lethal 
anaphylactic reactions were noted in approximately a third of 
the cases, with an equal number of subletiial shocks. Here also 
cross reactions were recorded, though less numerous than in the 
previous intracutaneous tests. 

Numerous rabbits received repeated injections with tlie hap- 
ten conjugates. All rabbits yielded precipitins for homologous 
chemoproteins. Cross reactions were noted. There was a sug- 
gestion of a serologic gradient of specificity among the three 
sulfonamide compounds tested, sulfathiazole having the broadest 
base of heterogenicity. Sulfanilamide was most highly specific. 
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skin reactions were not noted. To each of a second group of 
presumably sensitized guinea pigs rvas given a shocking dose of 
the same drug intracardially. Constitutional anaphylactic reac- 
tions did not occur. A third group of treated guinea pigs gave 
negative in vitro reactions on specific precipitin titrations. Evi- 
dently sulfonamide compounds are in themselves nonantigenic 
and cannot serve as sensitizing, immunizing, or testing reagents. 
Theoretically, the only way these drugs could function as anti- 
gens, therefore, would be as haptens conjugated with a colloidal 
protein carrier. 

In order to confirm this deduced iiapten function, the three 
sulfonamide compounds were each conjugated with e^ white, 
beef serum, human serum, or rabbit serum by the Landsteiner 
technic. The resulting sulfonamide azoproteins were used as 
sensitizing agents for a series of guinea pigs. Twenty-nine days 
after the final sensitizing dose the guinea pigs all gave positive 
reactions to intracutaneous tests with the same protein conju- 
gates, in some cases the reaction being suificiently severe to cause 
local necrosis. Cross sensitization was noted with these hapten 
conjugates. Sulfanilamide azo beef proteins, for example, gave 
positive reactions on guin^ pigs sensitized with sulfanilamide 
azo human serum proteins and vice versa. Reactions with the 
homologous protein, however, was always strongest. 

A second group of similarly sensitized guinea pigs was tested 
for constitutional anaphylaxis by intracardiac injections. Lethal 
anaphylactic reactions were noted in approximately a third of 
the cases, with an equal number of sublethal shocks. Here also 
cross reactions were recorded, though less numerous than in the 
previous intracutaneous tests. 

Numerous rabbits received repeated injections with the hap- 
ten conjugates. All rabbits yielded precipiiins for homologous 
chemoproteins. Cross reactions were noted. There was a sug- 
gestion of a serologic gradient of specificity among the three 
sulfonamide compounds tested, sulfathiazole having tlie broadest 
base of heterogenicity. Sulfanilamide was most highly specific. 
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These findings are in accord with previously reported clinical 
experience. 

Wediim concludes that there is no evidence that the simple 
uncorabined sulfonamide compounds can serve either as sensi- 
tizing or as testing antigens. Animals presumably sensitized with 
these simple diemicals do not respond when tested with corre- 
sponding hapten protein conjugates. Animals demonstrably 
sensitized to the hapten conjugates also give negative reactions 
with the uncombined sulfonamide compounds. ^Vhetlier or not 
it U’ould be possible to desensitize or fully immunize guinea 
pigs against these hapten conjugates, and the effect of such de- 
sensitization on the therapeutic efficiency of the uncombined 
sulfonamide drugs, have not >ci been reported from the Cincin- 
nati laboratory. 

Tlie jaundice svhich sometimes appears follosving the use of 
sulfanilamide is usually hemolytic, but in about 0,6 per cent of 
tlie cases receiving sulfanilamide it is ascribed to hepatic damage. 
The theory Itas been advanced that in this latter group of cases 
the liver has already been damaged prior to the administration 
of sulfanilamide, and the drug causes the preexisting hepatic 
damage to progress to a stage from which regeneration is im- 
possible. 

" Machella and Higgins*® attempted to test this hypothesis 
experimentally on rats. Sulfanilamide was administered to: (1) 

A groxip of animals in which hepatitis had been inducetl h) 
means of carbon tetrachloride; (2) a group in uliich hepatitis 
svas being induced by means of carlwn tetrachloride; (3) a group 
receiving alcohol; (4) a group in which obstrviciive jaundice 
had been induced by ligation of the common duct. 

Tlie conclusion of the authors from their experiments were 
that the administration of sulfanilamide in moderately toxic 
doses does not increase the rlaniage produced in the liver of a 
rat by carbon teimchloride, and that it does not impede regenera- 
tion of the liver after hepatitis has been induced by carbon 
tetrachloride. 
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These experimental data, they say, appear to be in accord 
with slowly accumulating clinical data, which show that when 
sulfanilamide and allied compounds were administered to pa- 
tients who had hepatic damage there w'ere no apparent significant 
increases of hepatic dysfunction. However, they do not shed any 
light on the question why, when patients receive sulfanilamide, 
hepatitis develops in some cases but not in others. A depression 
of hepatic function among patients receiving sulfanilamide has 
been reported. 

Skin reactions resulting from sulfonamide therapy are dealt 
with in the Section on Dermatology. 

Sulfonamide Fatalities: Toxic reactions from sulfonamide 
therapy may result in death and SutHff, Helpem, Griffin, and 
Brown^^ have reviewed the sulfonamide deaths which oc- 
curred in New York City m 1941. Although few individual 
physicians, they say, treat enough patients with sulfonamide 
drugs to make the risk of fatalities approach certainty within 
periods of one or even several years, every physician using 
sulfonamide drugs runs some risk of observing siidi a fatality 
among his own patients. The serious problem presented by 
the combination of great therapeutic value with definite toxic 
hazards must be faced by the profession. 

The frequency of fatal sulfonamide toxicity makes it neces- 
sary to consider the possibility of reducing their numbers. Meas- 
ures are being activ ely sought to avoid serious toxic reactions, 
but so for with little success. It seems possible, however, that 
the use of less drug in each case would prevent the occurrence 
of some reactions. Emphasis on early diagnosis of susceptible 
infections and early treatment, with resulting more rapid and 
more complete therapeutic effects, is the most desirable method 
of decreasing the amount of drug needed in each case. It is not 
advisable to change standard dosage schedules which are known 
to be successful, since they are based on experimental demon- 
stration of the necessity for certain minimum blood levels ot 
the drugs for maximum therapeutic effect. 
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Table 9 — Cases of Fatal Sulfonamide Toxianf Reported in New York City in 1941 




Table 9 — Continued 
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(19 Cm. lotrmvefiottfijr) 
SolUihiazole (7 2 Gni«) 
SuHaptiidme (I 2 Cm) 
(dSGm Cacravenoualf) 



Table 10— Number of Days Elapsing Before tiic Development of Toxicity and Deatti 



Table 10 — Continued 
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Even after the onset of toxic symptoms, measures may be taken 
to reduce the number of /ntalities. Early recognition of serious 
toxic symptoms, followed by piompt cessation of drug therapy, 
is of considerable importance. Symptomatic therapy, such as 
transfusion in blood dyscrasias, alkalization of urine in hemo- 
globin nephrosis, and instrumental relief of gross urinary tract 
obstruction may also save some patients. lUit symptomatic 
therapy can be only }»artially successful, and some fatal toxic 
reactions will continue to occur. It is to be hoped that bio- 
chemists tvill develop therapeutic agents uliicli are less toxic 
or devise svays of lessening the toxic effects of jiresent drugs. 

Tlie frequenq* of fatal sulfonamide toxicity makes it neces- 
sary to consider whetlier the beneficial results of sulfonamide 
drug therapy are sufficient to justify the continued use of these 
drugs as now practiced. Since low fatality rates have been shown 
to result from sulfonamide therapy in many infections, tlie 
changes in reported deaths fiom diseases for which sulfonamide 
drugs are now tised slimdd give some indication as to whether 
lives are actually being sated. Striking changes hate occurred 
in the number of reporter! dcatlis in New Voik City from the 
14 following infections for which sulfonamide drugs are used 
to treat the Infection itself, to treat predisposing conditions, or 
to treat serious complications: Ceiebrospinal (meningococcic) 
meningitis, scarlet fever, erysipelas, measles, meningitis (not 
meningococcic) , diseases of the eat and mastoid process, pneu- 
monia (all forms) , empyema, diseases of the pharynx and ton- 
sils, appendicitis, abortion with mention of infection, infection 
during cbildbirtli and tluougli the puerperium, phlegmon and 
acute abscess, and osteomyelitis and periostitis. It is estimated 
tliat if the asemgc mormlityrate from these causes of 137.5 deaths 
per 100,000 of poptrlation during the five years 1932 through 
1936, before the innoduciion of sulfonamide drugs had per- 
sisted through 1911, 10,341 deaths would have occurred instead 
of the 4475 reported, a difference of 5866 deaths. ^Miile the 
number of deaths from many of these diseases was decreasing 
before this period and were subject to other influences than 
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tlie introduction of sulfonamide drugs, it may reasonably be 
assumed that some part of the decrease in each of these condi- 
tions was due to sulfonamide therapy. It is safe to say that the 
number of lives sa\ed by sulfonamide drugs in New York City 
in 1941 was very much greater titan the number of deaths caused 
by the toxic action of these drugs. 

Bacterial endocarditis presents a special application of sulfon- 
amide drug treatment, because the disease is almost invariably 
fatal and therefore fatalities which appear to be due to the drug 
are also usually considered due in part to the disease. The num- 
ber of recoveries resulting from drug therapy is, however, small, 
and it would be well todemonstrate that thenumber of recoveries 
from sulfonamide treatment of bacterial endocarditis is greater 
than the number of cases in rvhich serious terminal toxic reac- 
tions occur in evaluating drug therapy of this disease. 

In acute gonococcic infections, few or no lives are saved; but 
since 85 per cent of the cases result promptly in cure by one 
course of a relatively small dose of sulf-athiazole. the prospect of 
eradicating this disease is considered well worth the few serious 
toxic reactions that result from sulfonamide treatment. 

Our present satisfactory experiences with sulfonamide treat- 
ments encourage their extension to other diseases. Such exten- 
sions should be based on therapeutic trial carried out to assemble 
clear information as to therapeutic and toxic effects. Such exten- 
sion may, however, be directed toward the prevention of sequelae 
of the disease under treatment, the prevention of infections re- 
sulting from operative procedures, the prevention of recurrences 
of disease such as acute rheumatic fever or toward the cure of 
the carrier state for various pathogenic bacteria. It is essential 
that such preventive use of sulfonamide drugs should be con- 
sidered successful only when fatal toxic reactions are entirely 
avoided. 

This study of fatal toxic reactions, following the use of 
sulfonamide drugs in one year in New York City, presents no 
evidence that would modify the course that is being pursued 
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in the routine use and in the experimental extension of the use 
of sulfonamide drugs. The benefits derived from this course 
are much greater than the risk of serious toxic reactions incurred. 
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Tests for Sulfonamides 

B OGEN^ presents the foMoiving report on a simple test for 
' sulfonamides in the urine. 

An easy, rapid, and reliable test for sulfonamides is of great 
N’alue. The drugs are never present in the body unless previously 
taken. Such administration may not be known to the patient 
or to the medical officer who is to care for him. Inability, igno- 
rance, or culpability may keep the patient from reporting previ- 
ous use, while the frequent separation of men from their ovm 
medical officers and records, especially in the field, makes it 
impossible to rely upon their histories. Whenever treatment 
with such a drug is undertaken, it is imporunt to know whether 
the patient has already taken some, so as to give adequate but 
not excessive dosage. Flavoring of sulfonamide tablets with 
peppermint may lessen the danger of overdosage in the uncon- 
scious or unknown ss'ounded. More persistent, reliable, sensitive, 
and specific information can be obtained by a simple qualitative 
test of the urine. 

Sulfonamides may be detected, and their concentration accu- 
rately determined, by Marshall’s test, but this procedure is too 
elaborate and exacting for routine or field use. Attempts have 
been made to simplify it, mainly at the expense of precision. 
Other tests have been proposed, depjending upon different reac- 
tions. The simplest of these is the lignin test. 

Lignin Test: The lignin test is extremely quick and easy. 
A drop of urine is placed on a piece of svood-pulp paper and 
a drop of hydrochloric acid added. That is all. If as little as 
0.01 per cent sulfonamide is present, a yellow color appears, 
which deepens to an orange svitli higher concentrations. Noth- 
ing apt to occur in the urine gives a felse positive test. 

More than 500 substances have been tested at the Norfolk 
Nas'al Hospital to sec if they would give a yellorv or orange color 
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u-ith wood-pulp paper and h)drochloric add. Some, as the dye- 
stuffs, had so strong a color themselves as to preclude reading 
the tests. A few others, as nitric acid, caused yellowing or 
charring of the paper in concentrated form, but gave no such 
color when diluted. No positive tests were obtained with inor- 
ganic substances, alcohols, aldehydes, acids, alLaloids, hormones, 
vitamins, etc. 

A positive reaction was obtained with .sulfanilamide, sulfapyTi- 
dine, sodium sulfapyridine, sulfatliiarolc, sodium sulfatbiazole, 
swlfadiaiine, and suUagnanidine, but with prontosil and neo- 
prontosil it was obscured by the color of the dye itself. A positive 
lest was also obtained with aniline, henzidine, hydrazine, napli- 
thylaminc, o-tolidine, paradinteihylantinobcnzaldchyde, para- 
aminobenzoic add, sulfanllic acid, and the local anesthetics, pro 
caine, benzocainc. and larocainc. None of these, Imwcvcr, itas 
been encountered in urine in concentrations sufficient to give a 
positive test. 

False positive reactions may he obtained similarly with Mar- 
sliall's, ^Vc^ne^'s, an<l other sttlfonaniidc tests. Though these 
substances arc not ape to appear in the urine, liiey have caused 
serious confusion in connection with blood, spinal fluid, pleural 
effusions, and other body fluids. This error may be prevented 
by omitting deep infiltration with jirocainc wlicn a sulCimamide 
determination is to be made, or by using cocaine, nupcrcaine, 
liolocaine, or metyraine, which do not give tiie test, instead of 
procaine, pontoc.iiiie, benzocaine, or larocainc, which do. The 
procaine may also be eliminated from the sj)ccimen by the use 
of ^^ayer's reagent, wliich precipitates it while leaving the sulfon- 
anude unaffected. 

Tlte fact that acidified aniline proilucis or aromatic amides 
produced a yellow color in contact with wood has been bnown 
for a century’, but the essential diemical icaction resixinsible for 
tins change is still obscure. The behavior «C sulfonamides is only 
one instance of this general phenomenon, but fortunately the 
other substances which m.aydiiplicaieitdonnt occur in the urine. 
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Any product containing wood pulp, such as paper towels, 
toilet paper, netvspaper, tiieap magazine pa{>er, rough pencil- 
writing pads, sawdust, etc., at once presents a positive test, a 
bright yellow or orange color when touched withadropoEhydro- 
chloric acid and sulfonamide. A similar color is elicited in the 
absence of wood pulp by adding hydrochloric acid and sulfon- 
amide solution to Ehrlich's reagent, paradimethylamidobenzalde- 
hyde. A yellow, but not the orange tint, could be obtained by 
adding the sulfonamide in hydrochloric acid to vanillin. No 
yellow color could be elicited in this manner from more than 
500 other substances which were tested at the Norfolk Naval 
Hospital. Filler paper, linen WTiting paper, or bond typewriter 
paper, absorbent cotton, cellucotton, or Kotex, etc., were uni- 
formly negative. 

The active reacting material in fresh fir sawdust, giving the 
yellow color with sulfonamide in hydrochloric acid, is com- 
pletely insoluble in acids, alkalis, alcohols, etc. Accordingly, it 
cannot be vanillin, Ehrlich’s reagent, or other soluble substance. 
It is probably the insoluble constituent of wood cells, Hgnin, a 
cyclic unsatunvted compound, whose exact formula has not been 
established, but may be a polymer ofconiferyl alcohol. 

The results of the lignin test can be read as follows: Light 
yellow is read as 1-phis, corresponding to about 0.01 per cent 
sulfonamide; a deep yellow as 2-plus, corresponding to about 
0.05 per cent sulfonamide; an orange yellow as S-plus, corre- 
sponding to about 0.1 per cent sulfonamide, and an orange 
ci^lor at 4-plus, corresponding to 0.5 per cent or more of sulfon- 
amide. 

A Bedside Test for Sulfapyridine: Bullorva and Ratish- rec- 
ommend a simple test, which enables one to make sure that a 
sufficient amount of sulfapyTidine is in the patient’s blood to 
ire eifectii'e in combating wfecewn. The test can be done in a 
modestly equipped laboratory which many practicing physicians 
now have. No complicated apparatus or unusual technic is re- 
quired. The test is a modification of ^farshall’s test and is based 
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on extraction of sulfapjTidine from ilie blood with ether. lu 
final steps require simple colorimetric readings. 

IVith a slight change of the color st.ind.ird, the test is .ilso 
applicable for the determination of tl»e amount of sulfailuacole 
in the blood. 

TTie reagents required arc: (1) Ether, (2) 15 per cent trichlor- 
acetic acid, (3) 0.1 percent solution of sodium niiiitc. (‘t) I i>er 
cent solution of urea, .and (5) a solution of nlphadimcthjlnaph- 
th^laminc, containing 1 cc. in 250 cc of 95 per cent ethyl alcohol 
(which should be kept in a dark bottle) . 

Method: Into a Luer syTiiigc is drawn approviinatcly I..5 ir 
of venous blood. Drop by drop, 1 cc. of this blood is delivered 
into a round-bottomed test tube and 5 cc. of ether ate added. 
After two minutes of vigorous shaking, the fluids separate into 
two lasers. 

Exactly OJi cc. of the floating la)cr of ethereal exir.ici is de- 
tamed into a marked cemribige tube. To dus is added *1.5 cc. 
of tridiloracctic acid and the tul>c is shaken for 1 0 to 20 seconds. 

Next 0.5 cc. of the sotltttm nitrite solution is added, .met an- 
other vigorous shaking gUen. Now 0.5 cc. of tlic urea solution 
is added and finally 2.5 cc. of alptiadimetlqlnaphihylaminc. 'Flie 
tube is closctl svhh a rubber stopper and inset icd once or twice. 
Its white op.'ilcsccnce soon changes to .a purplisli-rcd. 

Five minutes should be allowctl for the color to do flop full> 
and then readings may be jn.ade by comparison svith prcp.ircd 
color stancLirds, 

Tlicse color stand.irds may be rcadd) j)rep.ired b) using 
phenol rctl. They svill last for six months. They arc so c.ilibnitcd 
that the value of siilfapyridtne obuined from the s.implc corre- 
sponds to its true value. Five color standard tubes arc used. In 
caili of fisc 100 In 12 mm. test itilics.arc placet! first tlie fnllou 
ing solutions: 3.9 cc. of fifteenth molar potassium diliydrogen 
phosphate, f».l cc. of fifteenth mobrsecondary .sodium phosphate. 
0.2 cc. of normal sodium h>dioxidc, and varjing amounts nf 
phenol red, 
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The indicator itself is made up by dissolving 0.0075 Gm. of 
phenol red in 100 cc. of distilled water. 

If this solution is added in the following amounts to the five 
tubes, it tvill give color standards indicating the following true 
concentrations of sulfapyridine in the blood; 

Phenol Red Indicates Sulfapyridine 


022cc.. .up to 4 mg. per cent 

OSOcc .. up to 7 mg. per cent 

0.46 cc. .... ... .up to 10 mg. per cent 

0 62cc .. .up to 12.5 mg. per cent 

0R6cc up to 15 mg. per cent 


ISIarshall's Test for Sulfanilamide in the Blood and Body 
Fluids: This test depends upon the diazotization of the sulfanil- 
amide and coupling of the resulting diazo compound with 
N (1-naphthyl) ethylenediamine dihydrochloride to form a 
purpHsh-red dye wfiich can be estimated calorimetrically. 

Reagents 

1. Solution of trichloracetic acid containing 15 Gm. dmolved in 

water and diluted to 100 cc 

2. O.t per cent toiucton of sodium nitrite. 

9. Aqueous solution of N (I naphthyl) ethylenediamine dihydro- 
chloride containing 100 mg. per 100 cc This solution should 
he kept in a dark colored little. 

4. Solution of saponin containing 0.5 Gm. per liter. 

5. 4 N hydrochloric acid. 

6. Solution of ammonium sulfamate containing 03 Gm. per 100 cc. 

7. Stock solution of sulfanilamide in water containing 200 mg. per 

fitcr. A weighed quantity of crystalline sulfanilamide is dis- 
solved in hot water and diluted to appropriate volame. This 
solution will keep for seteral months if refrigerated. From 
the stock solution standards for use are prepared. Utese may 
be 1, 0.5, and 0.2 mg. per cent, which are prepared by taking 
5, 2.5, and 1 cc. of the stock solution plus IS cc of the 15 per 
cent solution of trichloracetic acid and diluting to 100 cc 

Procedure for Blood: Measure 2 cc. of oxalated blood into a 
flask and dilute with 30 cc. of saponin solution. After one or 
two minutes this is precipitated with 8 cc. of the solution of 
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tridiloracetic acid. The free sulfanilamide is determined in the 
filtrate as follou’s; Add 1 cc. of the sodium nitrite solution to 
10 cc. of the filtrate. After three minutes standing, add 1 cc. 
of the snlfamate solution, and after two minutes of standing, 

1 cc. of the solution N (t-naphth)I) ethylenediamine dihydro- 
chloride is added. Compare the unknown with an appropriate 
standard which has been treated as above. To determine the 
total sulfanilamide, 10 cc. of the filtrate are treated with 0.5 cc. 
of 4 N hjdrochloric acid, heated In a boiling water bath for one 
liour, cooled, and the volume adjusted to 10 cc. Tlie subsequent 
procedure is as above. 

Procedure for Urine: Dilute the urine to contain about I or 

2 mg per cent of sulfanilamide: 50 cc. of the diluted urine plus 
5 cc. of the 4 N hydrochloric acid arc diluted to 100 cc. Treat 
10 cc. of this .second dilution as a blood filtrate for free, and 
10 cc. heated ts’ithotit further addition of acid for total sulfanil- 
amide. 

Comment; If blood values of 5 mg. per cent or less arc ex- 
pected a 1:10 dilution of blood can be used. A 1:50 or 1:100 
dilution of blood is convenient when using a photoelectric 
colorimeter. Sulfapyridine can be deiermitiecl by this method. 
With blood levels above 5 mg. per cent a correction of ten per 
cent should be added when a 1:20 blood dilution is employed. 
With values below 5 mg. per cent no correction is needed. When 
dilutions of blood of l;50 or 1;100 are employed the recovery 
is quantitative. 
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Clinical Indications for 
Sulfonamide Therapy 



ABSCESSES 

As in the case of furunculosis (q-v.) one must carefully 
evaluate the severity of the infection with the possibility of 
toxic reactions from the sulfonamides before starting sulfona- 
mide therapy. In mild infections where the collection of pus 
is readily accessible, incision and drainage is the preferable 
treatment. If sulfonamide therapy is decided upon, sulfanila- 
mide or sulfathiazole is the drug of choice. Either is given in 
an initial dose of 3 to 5 Gm. orally follo^ved by 1 Gm. every 
four hours night and day for a period up to five or six days. 


APPENDICITIS AND PERITONITIS 
Sulfanilamide: The local implantation of sulfanilamide in 
the treatment of peritonitis and to aid the peritoneum to over- 
come contamination occurring at operation has become almost 
a standard practice. However, it is absorbed so rapidly from the 
peritoneal cavity that it is uncertain u’heiher it is effective as 
a local medication in the same sense as in other parts of the 
body. The peritoneal route offers the fastest method of admin- 
istering the drug to reach effective levels in the blood. 

Jackson and Collier^ report the intraperitoneal use of sul- 
fanilamide in 62 patients for the following indications: Opera- 
tions in Avhich spreading peritonitis svas encountered or areas 
of suppuration svere entered; operations on the colon; opera- 
tions on the upper gastrointestinal tract in which soiling of the 
peritoneum was suspected. Twenty-nine of the 62 patients were 
given other sulfanilamide therapy besides the intraperitoneal 
implantation. Only 5 of the 62 patients had eridence of post- 
operatis'e intraperitoneal suppuration and two of these five 
received additional sulfanilamide. 

Jaundice svas an outstanding complication in 9 of the 29 
patients u’ho received additional sulfanilamide therapy. The 
authors felt that this jaundice was due to hepatic damage in all 
instances, for there ^^•as no hemoclysis or sepsis to account for 
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it. The symptom cleared rapidly after the drug had been with- 
dratvm. 

None of the nine patients who developed hepatitis received 
more than 5 Gm. of snlfanilamidc intraperitoneally, but six of 
them received additional sufantlamide on the day of operation. 
The interval between the ojrcration and tlic appearance of the 
jaundice varied from 24 hours to 7 days. Because of tlie 
danger of Iiepatitis, the authors feel that doses of sulfanilamide 
locally should ttot exceed 5 Gm, U was pointed out that there 
is no evidence tliat local application of snlfanilamidc injures 
the peritoneal surfaces, and it is suggested that chemotherapy 
offers promise of reducing scarring (adhesion formation) in die 
peritoneum secondary to pyogenic infection. 

Mueller ami Thompson- rcjmrtcd 2C8 patients operated 
upon for ajjpcndicitis from January, 1040, to May, IC^l, at the 
Roosctelt Hospital without a dcatli. These cases svcrc divided 
into acute, 201 ; abscess, 23; and peritonitis, 44. Tlic most severe 
cases, numbering 00 or 33.6 per cent, tvere given sulfanilamide. 
In 16 of these 90 cases the drug was contitined by rectum or by 
mouth, due to the severe pathology encountered. The dose 
recommended is 173 mg. of sulfanilamide per kilogram of body 
sveight, ttvo-tliirds to be applictl intraperitoneally and one-third 
in the wound layers. An easier guide for dosage is to take eight 
per cent of the number of pounds of lH>dy weight, which gi'cs 
the number of gr.ims of sulfanilamide to be used in the average 
case in stfhicli drainage is tised. In the average case without 
drainage, six per cent gives the proper dose. The local applica- 
tion produces high concentrations within the peritoneal cavity, 
front 75 to 100 limes the level reached in the circulating blootl 
This seems to have a bacteriostatic or destructive effect on the 
bacteria. 

Tashiro, et al.,^ report a ronsccuttse series of cases of peri- 
tonitis in which stilfanilamide crystals were implanted inira- 
periioneally and the abdomen closed vviihoui drainage. There 
were no untoward reactions, no inttaabdominal complications, 
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wounds healed by first intention, and the patients were dis- 
charged promptly after a generally smooth postoperative course. 

Experimental studies on rabbits showed that intraperitoneal 
absorption of sulfanilamide ivas very rapid, the maximum ab- 
sorption taking place in four hours, and extremely high con- 
centration iv'as maintained intraperitoneally until the maximum 
blood concentration was reached, Nonpathological changes, 
gross or microscopic, svere discovered in the peritoneal tissues 
after contact with the lethal doses of the sulfanilamide crystals. 
Blood sulfanilamide levels rose rapidly and to the extent of 
1 mg. per 100 cc.. of concentration in the blood for each gram 
placed within the abdominal cavity. Emphasis was placed upon 
the value of irrigating the peritoneal cavity and sucking out all 
pus in order to increase the therapeutic effect of the sulfanil- 
amide which is not particularly effective in the presence of 
peptone. A dose of 4 to 10 Gm. is recommended, depending 
upon the patient’s age. 

Steriliz/ilion of Sulfanifamide Powder: Amounts of 2, 4, 6, 
and 8 Gm. are placed in sterile test tubes, stoppered with a 
coik or cotton, and stcrilired with dry heat at 140® C. for two 
hours. This causes no change in the cr>’stalline powder. Other 
sulfonamides may be sterilized in the same manner. 

Sulfaihiazole:' While sulfanilamide holds first place for local 
use in so many surgical conditions, probably largely because 
of its solubility, sulfathiazole being insoluble, the latter drug 
is now getting extensive use orally or intravenously (by its 
sodium salt) in these same diseases. Stafford* reports its use 
in this manner in a series of 105 patients during a ttvo-year 
period who had peritonitis or abscess of appendiceal origin, 
five patients dying and four of these being autopsied. In none 
was sulfathiazole used intraperitoneally. An initial dose of 
4 Gm. was given to the average adult, followed at regular in- 
ters’als by a sufficient amount of the drug to obtain a blood 
level of 6 to 8 mg. per cent. The first two doses svere given 
intravenously; thereafter the drug was given by mouth, unless 
the patient was unable to retain it. A comparison of the chief 
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causes of death in two series of cases is shown in the following 
table; 


Tabix 1 — CtUET Causes OP Beatk 



j Atwifcjf ef Dtoih 

Causti aj Dtalk 

7931^930 

{.ln47P 

eensfcuMt 

fialKiiis) 

193<M9U 
iln 105 

cansKutme 
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IJ 

2 

Pylephlebitis. 

4 

0 

Septicemia ... . . 

1 

0 

hlechamcal ileus. . 

7 

0 

Sisbphretiic abscess . . 
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0 

Rectovesical fistula 

1 

0 

Spontaneous rupture of untreated pelvic abscess 
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t 

C-tlraappendiccal complications. 



Cerebral accident 

1 

0 

Pulmonary embohim 

3 

1 

Pneumonia . 

4 

0 

“Poor-risk” patients ... 

4 

J 

Cause of death uncertain 

4 

0 

Total 

48 
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Stafford believes that the low incidence of deaths from gen- 
eralized peritonitis was due to the effect of sulfathiazole, and 
in two patients who succumbed the postoperative course was 
prolonged far be>ond the most optimistic expectations. An 
equally important factor in the improved results, according 
to the author, has been the more adequate treatment of post- 
operative complications. He also believes that immediate opera- 
tion is the correct treatment for acute appendicitis in any stage 
of the disease. 

Anderson** reports 22 paitetiis with advanced disease of the 
appendix treated with sulfathiazole as an adjunct to surgery 
with one death. The average duration of illness before opera- 
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tion was 71^4 hours. Eleven of the patients had a perforated 
appendix, three had advanced acutely inflamed suppurative 
appendicitis, and one had an inflammatory abscess involving 
the ileocecal junction. Sulfatbiazole was used intraperitoneally 
in 37 cases and in five of these additional sulfathiarole was 
given intravenously or orally. The average total dosage in this 
group was 14.3 Gm. There were no complications in 15 of the 
cases. A child aged five, who tvas ill 82 hours before operation, 
died of hyperpyrexia and a)nvulsions; 5 Gm. of sulfathiazole 
were gipen intraperitoneally and death occurred 20 hours after 
the operation. In four cases sulfathiazole svas used late follow- 
ing operation in the treatment of complications of appendicitis. 
Two of these cases developed a local peritonitis followed by 
large abdominal wall abscesses. One case developed a pelvic 
abscess which finally perforated into the rectum and drained 
spontaneously. One case developed a peritonitis later follosved 
by pleurisy. In this group sulfathiazole was given orally and 
intravenously as sodium sulfathiazole. 

The treatment proved that sulfathiazole is an effective ad- 
junct to surgery in cases of severe advanced acute appendicitis 
and in the complications of appendicitis. 

Local Irritating Effects of the Sulfonamides: Taylor,® in an 
attempt to evaluate the irritating effects of the sulfonamides in 
closed wounds, implanted 1 gr. of sulfanilamide, sulfapyTidine, 
sulfathiazole, sulfadiazine, and sulfaguanidine under the rectus 
sheath of dogs. All of the drugs produced infiammator)’ reac- 
tion, with severe edema and accumulation of inflammatory 
cells. Actual abscesses were produced by sulfathiazole and 
sulfadiazine. The author points out that such chemical trauma 
violates the fundamental principles of careful surgery and 
svound healing. Implantation of a sulfonamide powder at the 
site of an appendectomy also is questioned, since it cannot 
elevate the concentration of the drug at a distant peritoneal pus 
pocket above that obtainable by systemic administration, and 
adhesions may result from the application to the bare peri- 
toneum. These procedures give the surgeon a false sense of 
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security to the cleirimem ol sound surgical judgment. The 
criticism tvas not directed against the local or systemic ad* 
ministration of the sulfonamides in ulcerations or in con- 
taminated wounds tvliicli are left open, or the systemic use of 
these drugs in cases ofseseiepeHtonitis. 

In spite of Taylor’s criticisms, however, most surgeons feel 
tiiat the advantages of the local use of sulfonamides outweigh 
any disadvantages. At least one svriter (Ferguson) feels tliat 
the insoluble snlfathiazole, while producing a local conglomera- 
tion of the drug witli some peritoneal as svell as a foreign body 
type of reaction, is preferable to sulfamlamide, because it re- 
mains in the svound longer and exerts a longer action (tJiree 
to four days) . FuitlieTmotc, its effectiveness seems to be greater 
against a wider range of organisms. 

Sutton,’ on the other hand, reports a case illustrating the 
danger of intestinal obsmietton from the intraperitoneal use 
of suUatliiaiole. A boy, aged ten, had been ill for three days 
when seen on September 21, 1941. A gangrenous appendix 
with a small perforation svas found at operation. The appendix 
was retrocecal in the iliac fossa and there was considerable 
purulent exudate about it Tlie peritoneum was injected but 
there were no adhesions. Three Gm. of sulfatJilazoIe were 
sprinkled in die iliac fossa and on the adjacent peritoneum 
covering the cecum and ileum where the exudate had been 
abundant. A Penrose drain was inserted and 2 Gm. of sulfa- 
thiazole tvere sprinkled throughout the wound. The patient 
also svas given 0.5 Gm. of sulfaihiazole by mouth every four 
hours. Bladder irritation was noted for several days. Wound 
healing w.as retarded and not completed until the twenty-eighth 
day after operation. One month after dischaige from the hos- 
pital the patient developed severe abdominal cramps and on 
December 14 signs of intestinal obstruction. Operation w'as 
performed immediately, when a loop of ileum was found bound 
down to the parietal peritoneum posterior to the cecum, which 
produced a sharp kink with obstruction. Tiie omentum also 
was firmly adherent at several points to the parietal peritoneum, 
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the ileum, and the cecum. There were no adhesions except 
in the area corresponding to that sprinkled with sulfathiazole, 
and this was covered with a fine reddish granular tissue, which 
on microscopic study showed only dense connective tissue with 
many small blood vessels. There rvas no evidence of sulfa- 
thiazole crystals. The tvound healed in a fine scar and the 
patient made an excellent convalescence in nine days. 

Ample experimental and clinical evidence is available to 
establish the fact that the local use of sulfonamide prepara- 
tions is an exceedingly valuable procedure in the prophylaxis 
and treatment of wounds sustained in civil life, says Herrell.® 
Certainly, he says, the evidence now at hand is substantial 
enough to justify the continued local use of these compounds 
under civil conditions. Of the many compounds available, the 
choice for local use probably should rest among sulfanilamide, 
sulfadiazine, and sulfathiazole. Some of the difficulties that 
have been encountered with sulfathiazole may have been due 
to the rather large amounts of material used and to the fact 
that it has not been dispersed evenly over affected surfaces. 
If finely powdered or crystalline sulfathiazole is dispersed as 
a thin coating rather than being “packed” in tliese wounds, 
much of the iaitation and foreign body type of reaction can 
be avoided. Since its antibacterial activity is polyvalent, if the 
mechanical problems involved in the application of sulfa- 
thiazole can be overcome, it is obviously superior to the mono- 
valent compound sulfanilamide. Sulfadiazine may closely com- 
pare with sulfathiazole. 

The “antisulfonamide” action of pus and tissue exudate may 
easily be or’ercome by frequent cleansing of infected surfaces, 
followed by reapplication of the powdered drug. This is essen- 
tial in the e.arly stages of infection. Other minor objections to 
the local use of sulfonamides, such as absorption into the gen- 
eral circulation, local damage to tissue, and the development 
of resistant strains of bacteria, are easily discountable on the 
basis of excellent experimental and clinical experience. Further, 
it is not necessary that the local agent penetrate deeply into 
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the tissues. The actual culture medium for bacteria is the 
necrotic tissue and exudate. Tlie deeper tissues possess an 
adequate capacity for combating infection. 

Tbere is one field in tvhidi these compounds have without 
question established themselves permanently in prophylaxis 
and treatment; namely, in intraperitoneal infection or suppura- 
tion. Five to 10 Gm. of the sterile, powdered drug should be 
introduced routinely into the peritoneal cavity in the presence 
of suppurative disease. Evidence is accumulating that prophy- 
lactically likewise this measure is sufficiently indicated. 

In selecting a drug for intraperitoneal prophylaxis the fol- 
lowing well-defined criteria should be applied: (1) The drug 
should be active against a variety of microorganisms; (2) it 
should, if possible, stimulate the local periioneal defense mecha- 
nism, and, at the same time, be innocuous to the peritoneum; 
(3) it should remain in fairly high concentration in the peri- 
toneal space as long as possible, thus exerting prolonged bac- 
teriostatic action. 

Sulfapyridine and, to a lesser extent, sulfadiazine are definite 
peritoneal irritants and should not be employed for this type 
of therapy. Sulfanilamide meets some of the criteria postulated 
above. It is not a peritoneal irritant and does not depress the 
local peritoneal defense mechanisms. On the other hand, it 
remains in the peritoneal fluid for only 24 hours or even less. 
It is monovalent rather than pol)T.alcnt. 

Sulfathi.t7ole is polyvalent. The material does not entirely 
leave the peritoneal fluid for a period as long as four or five 
days. Concentrations in the peritoneal fluid of 400 or 500 mg 
per 100 cc. are present following instillation of 5 to 10 Gm. 
Cellular elements, particularly the mononuclear phagocytes, 
are markedly stimulated. There is no evidence of peritoneal 
irritation. Abdominal cavities opcnetl subsequent to use of 
sulfathiazole have not revealed evidence of abnormal adhesions 
or other untoss'ard effects. Additional oral or parenteral therapy 
under ordinary circumstances js not necessary. 
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Investigators in general have experienced significant reduc- 
tions in rates of morbidity and mortality following intraperi- 
toneal use of the sulfonamides in the presence of suppurative 
abdominal disease. Mortality rates for abscess and rupture of 
the appendix in one surgical center were more than halved 
in the first year of its use. Peritonitis is not commonly ob- 
served at necropsy since the introduction of intraperitoneal 
chemotherapy. 
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ATELECTASIS 

Bronchoscopy, of course, is the most valuable treatment for 
atelectasis once the condition has developed. Chemotherapy 
with the sulfonamide drugs will do nothing toward bringing 
about a cure of the atelectasis, but it has a distinct place in 
treatment and should be used almost routinely to help prevent 
the secondary infection which develops so commonly in the 
atelectatic portion of the lung. For dosage, see pages 22 and J2I. 


BACTEREMIA 
See page /ay 


BLEPHARITIS 
See page adjr 
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BRONCHITIS 

See (Ktges 6, isS, and ^oo 
■<> 

BRONCHOPNEUMONIA 

Although Gordon* states, “Sulfathiazole slioiild be adminis- 
tered at the onset as in the case of lobar pneumonia,” it is 
doubtful if the sulfonamides arc useful drugs in broncho- 
pneumonia. Sometimes sulfonamides ate administered in this 
disease with the idea of warding off lobar pneumotria, but here 
again the words quoted under Respiratory Infections about tlie 
use of sulfonamides in the common cold^ bear repetition. 

If only about one out of every 1000 patients witli colds 
derclops pneumonia, it seems hardly fair to subject tlie rest 
of them even to the apparently slight Jiazards of toxicity or 
sensitization to drugs. Then again, of the O.I per cent who do 
develop pneumonia, the disease will not in all cases be caused 
by the pneumococcus, and the \alue of sttlfonamidc dtemo- 
therapy for hemolytic streptococcic or staphylococcic pneu- 
monia is far from being pioved. And it is of no value in 
pneumonias caused by viruses. 
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BRUCELLOSIS 

Daiis* believes tliat brucellosis may be a primary disease of 
the digestiie tract, with a spread to the rest of the body either 
through septicemia or as the result of toxins picked up in the 
digestive tract and circulated throughout the body. If this 
assumption is true, he says, an iniestinal antiseptic should be 
the answer to our general therapeutic problem. He continues: 

Such an antiseptic should not l>e absorbed from the digestive 
tract, should remain active in the presence of digestive proc- 
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esses, and should be nontoxic so that it could be used over a long 
period of time. Sulfasuxidine answers these requirements. In 
September of 1942 I started the use of this drug in all my cases, 
and the results have been very gratifying. 

A case history which is very typical of chronic brucellosis is 
that of E. M., who came to me in May of this year. She stated 
that a year ago, while living in another community, she developed 
pains in the upper right quadrant of the abdomen. This ^v3s 
accompanied by pain and marked weakness in the back, which 
radiated down into the thigh. She had some pain in the left 
shoulder and in her knees. Tlie symptoms became so severe that 
she was forced to give itp the care of her home. She consulted 
a physician, who diagnosed the condition as gallbladder disease 
and started appropriate therapy. After six months of treatment 
her condition was unchanged, and she was advised to go to the 
hospital for x-ray study and possible surgery. The x-ray study 
revealed a normal gallbladder with no stones, and she iras sent 
home with her condition unchanged. Upon moving to my com- 
munity she consulted me. A physical examination tvas negative, 
except for abdominal tenderness which had shifted to the left 
side. A blood agglutination test was made and she was found to 
react in a dilution of 1 to 200. She was immediately placed on 
sulfasuxidine, 0.5 Gm., three times a day. One week later her 
abdominal pain was gone, and on the following week she stated 
that all of her symptoms had diminished. Since then she has 
taken over the care of her household and has been able to do 
considerable work in her garden. The blood titers have been 
very interesting to follow. On vaccine therapy the titer is seen 
to rise. On sulfasuxidine the blood tiler comes down, as seen 
in the table on page 108 taken from records of the above case. 

According to the manufacturer, sulfasuxidine remains in the 
digestive tract, only five per cent being absorbed. Inasmuch as 
this is true, one can reasonably assume that the full effects of the 
drug are on the digestive tract. Since symptoms, such as pain, 
weakness, uterine hemorrhage, and exanthemata in distant parts 
of the body, are readily relies’ed by sulfasuxidine, one is led to 
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Table 1 
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the belief that the primary focus must be in the colon. Harris 
and others have demonstrated foci of infection in bone and in 
other tissues, and vmdoubtedly at times a septicemia svill pro- 
duce metastatic lesions over the body which could not be ex- 
pected to respond to sutfasuxidine. Inasmuch as the active 
radical of sulfasuxidinc is sulfathiazole, it is easy to ttnclersiand 
how this drug can be helpful in such metastatic cases. To date 
I have treated 18 cases with sutfasuxidine. Ten cases have been 
dismissed and are apparently cured, six arc much improved but 
still under treatment, and two cases have up to the present time 
shown no response to the drug. At the present time I am unable 
to give any explanation of the two failures; however, they are 
still understudy. 

REFERENCE 
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SEVERE BURNS 

Patients dying of severe bums do so from shock or from 
toxemia and infection. The first thought in therapy, therefore, 
should be the combating of the shock. Heat is a requisite and 
it is a good plan to immerse the patient at once, fully clothed, 
in a bath of normal salt solution at 100* F. This gives the 
necessary heat to combat tire shock and at the same time loosens 
clothing which has become adherent to the body. If the warm 
bath is impracticable, heat should be applied by wrapping the 
patient in warm blankets and applying hot water bottles all 

108 • CLIVICAL INDICATIONS 



about him. Morphine should be given at once hypodermically 
for the pain and this measure also reduces the shock. 

Debridement, that is, the surgical removal so far as is pos- 
sible o£ all burned tissue, should be superficial and confined 
only to tissue ivhich is obviously loose and destroyed, and to 
foreign matter in the wound. Some surgeons recommend that 
this be done under anesthesia, but anesthesia is quite likely to 
augment the shock. It is much better to use morphine narcosis. 

The severe bum has caused an escape of large quantities of 
plasma from the circulating blood into the injured tissue, and 
much of this has been lost from those surfaces no longer having 
a protective covering. The resulting hemoconcentration may 
prove fatal if not overcome promptly. Plasma should be given 
intravenously if available, or, if not, either dextrose solution 
(50 Gm. of dextrose in 1000 cc. of distilled water) or physio- 
logic salt solution (8.5 Gm. of sodium chloride in 1000 cc. of 
distilled water) should be given intravenously. 

Local Treatment: The spraying of burns with a tannic acid 
solution has been a standard practice for some years, but of 
late several competing treatments have been receiving a great 
deal of attention. PickrelU introduced one of these in 1941 
and a report on this method of treatment has been made by 
Rothman, Taraerin, and Bulloiva.^ 

The local treatment rvas application of 2.5 per cent sulfa- 
diazine in eight per cent triethanolamine solution,* in accord- 
ance with the mediod of Pickrell, modified to provide rapid 
formation of an eschar by desiccation of the exuded serum. 
The method used rvas as follows: 

On admission of the patient to the accident ward, usual 
methods to combat shock are promptly instituted. These are 
frequent plasma infusions (as much as 2500 cc.) , adrenal cortex 

• The 25 per cent solution !» de3r but daitcms on exposure to light and conse- 
quently is stored in a datl. bottle. It Is almost colorless and does not stain the tissues 
or linen. The drug is absorbed through the eariy eschar, reaching its highest le\el 
in the blood stream on the second day and receding thereafter until it has disap- 
peared from the blood stream on the sixth day. Blood stream levels range from 2 
Co 8 tog. per hundred cubic centimeters. 
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extract (I cc. each tiay), and warmth, If the clothing is ad- 
herent, it is removed under morphine narcosis by soaking the 
patient or part involved in a tub of water at 100* F. Usually 
the clothing is not adherent and can be cut away. Tlie patient 
IS then placed on sterile sheets and with aseptic technic the 
wound is cleansed. Tlie surgeons tvear caps, masks, sterile 
gowns, and gloves during the procedure. Blisters arc opened 
and loose shreds of epithelium and skin are removed. The 
area is again sponged with sterile water at 100® F. If all the 
dirt is not removed by this technic wc use the suds of wiiiic 



(RotStnin, K., ft *l . J, A. M A) 
Fig. 1 — Oeckow's method ot ntinutiog extensiveness of 
niixoeous lesions. 


soap on cotton balls. Grease is removed with etlier or benzine. 
Tlie entire procedure is carried out without anesthesia, rapidly, 
and without pain. Green soap, gauze, and scrubbing are not 
used. 

The 2.5 per cent sulfadiazine in eight per cent triethanol- 
amine is sprayed on the surface of the wound every hour on 
the first day. After' each application, tlie surface of the wound 
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is dried by fanning, or, more recently, by an electric hair drjer 
with tvarmed air. Tlie same procedure is carried out every 
two hours on the second day, every three hours on the third 
day, and every four hours on the fourth day. A heat cradle is 
used to maintain the body temperature. Care should be taken 
to avoid any burns from this source. At all times aseptic technic 
is maintained. Physicians, nurses, and visitors wear caps, masks, 
and gotvns. 

A thin, pliable, and translucent escliar forms in 24 to 36 
hours and after the fourth day spraying is rarely necessary. 
No dressings are applied at any time. Sedatives are rarely re- 
quired after the eschars are formed and nursing care is minimal. 
Between the tenth and the twelftli day the edges of the eschar 
tend to curl; at this time wet dressings of the sulfadiazine 
triethanolamine solution are applied. As the eschar curls at 
its edges a potential portal of entry for bacteria forms. Wet 
dressings of 2.5 per cent sulfadiazine in 8 per cent triethanol- 
amine solution are applied at this stage in order to prevent 
secondary infection. Sometime between the twelfth and the 
twenty-second day the eschar will be completely separated, and 
its removal may be facilitated by cutting away the loose por- 
tions. When infection occurs, purulent material is readily 
visible because the eschar Is translucent. A uindotv is cut in 
the eschar to permit drainage. Wet dressings of the sulfadiazine 
solution are applied over the infected area until the infection 
has cleared. The procedure is the same for second- and third- 
degree burns. The spray has been used about the face, eyes, 
and mucous membranes without injur>'. Similarly, the 2.5 per 
cent sulfadiazine in eight per cent triethanolamine solution is 
used on joints and fingers without constriction or limitation of 
motion. The eschar is pliable and does not crack. 

'In the Cocoanut Grove disaster in Boston the bum victims 
were not treated with tannic acid, according to Faxon and 
ChurchiII.3 The authors state that the bums were treated by 
a single method. There was no cleansing or debridement. (One 
patient only with a second-degree bum had superficial cleans- 
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Table 1— Observatiom in 32 Cases 
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Tablc 1 — Observation in 32 Cases — Continued 
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ing with soap and water to remove carbon from the hands 
and tlic face.) 

The burned surfaces were covered with fine mesh gauze 
impregnated with boric ointment. Gauze, sterile mechanics’ 
waste, and cotton roller were utilized to form a bulky dress- 
ing. This was compressed snugly with elastic bandage to form 
a pressure dressing. Splints of folded newspaper, as suggested 
by the Red Cross, were used for the forearms and hands. 

The eyes were examined by a resident from the Massachu- 
setts E)e and Ear Infirmar). Se\en patients had lesions involv- 
ing the lower half o£ the cornea; fu'C per cent sulfathiazole 
ointment was applied and atropine drops svere instilled. All 
e)es were reexamined at 10 a. st. and the corneal lesions evalu- 
ated with fluorescem. The sulfathiazole ointment was reapplied. 

Two Gm. of sulfadiazine were given intravenously at 2 a. m. 
to all patients, including those without surface burns. This 
was repeated at 10 a. m Tlicreafier those able to take the drug 
by mouth received 1 Gm. every six hours. Patients unable to 
take the drug by mouth received further intravenous medica- 
tion at 12 noon, at 9 p. .m., and every 12 hours iliereafter. Blood 
levels of 5 to 10 mg. per 100 cc. have been established, the 
average being 7 mg. 

Another form of locil tieatinent is the application of one 
per cent aqueous solution of gentian violet. No preliminary 
cleansing of the burned area is done unless it is covered with 
oils and grease TJie patient is maintained in a comfortably 
warm cradle and the gentian violet solution is sprayed on 
every two hours in the beginning, while the sterile eschar is 
forming and the wet oozing areas are becoming dry and tough. 
Blebs are then opened and the spraying continued at four- to 
six-hour intervals until healing is complete. 

Andrus, Nickel, and Schmelkes^ report the use of preformed 
hydrated chemotherapeutic membranes (eschars) in the treat- 
ment of second-degree bums in ten patients. These mem- 
branes were made of ten per cent sulfanilamide with a biilTer, 
with or without azochloramide. Excessive oozing may threaten 
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to destroy the membrane after application and a second and a 
third application can be made over the first. By mounting 
the sheets on gauze they can be made large enough to encircle 
the torso of an adult. 

The authors report that the longest time required for com- 
plete healing was 21 days, and this was in a case in which an 
extensive bum about the head involved all the hair and the 
eyebrows. 

The technic used was as follows: The burn was first debrided 
and thoroughly cleansed with saline, boric acid, or azochloramid 
solution. All dead skin was removed and the preformed mem- 
brane was applied directly to the raw oozing surface. A dry 
sterile dressing was placed over the membrane and held by a 
plain gauze bandage. Given a large number of bums (on board 
ship, for instance) the membrane can be applied quickly and 
easily by any one trained in first aid and can be held in position 
by the dry dressing. If its removal is necessary, it is moistened 
with sterile water or saline solution. 

Since submitting their paper the authors ha\e treated ten 
additional patients who had severe second-degree burns; their 
average healing time was nine days. The burn of one patient 
involved 55 and of one patient 35 per cent of the surface of the 
body. Healing in both was complete in 12 days. 

In conclusion, it would seem wise, no matter what form of 
local treatment is used for severe bums, to give sulfathiazole 
by mouth if possible or intravenously if it is not. It is quite 
probable that the good results obtained following the Cocoanut 
Grove disaster svere due largely to this measure. 
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CARBUNCXE 

Sulfathiaiole is the drug oJ choice for carbuncles. The initial 
dose is 3 to 4 Gm. orally, followed by 1 Gm. every six hours 
night and day. The full effect of the drug will be achieved 
within four to five dajs, when it should be discontinued. 


CELLULITIS 
Ser pnge 


CEREBROSPINAL FEVER 
Ser Mciiitigitis, page j }2 

o 

CHANCROID 

Prophylaxis: In the section on GonorrJiea there is a report 
which sliows that under sulfathiazole prophylaxis chancroidal 
as well as gonococcal infections virtually dis.ippcared. The 
same is not true of the older types of prophylaxis, as is pointed 
out by Greenwald.^ 

Mechanical as well as chemical prophylaxis following sexual 
intercourse is frequcnil) urged on e-ich soldier. He receives 
many lectures by medical and line officers and is exposed to 
training films concerning sex hygiene at frequent intervals. 
The chemical prophylaxis rvhich is recommended by the Army 
consists of: (1) Initial thorough cleansing of the genitalia with 
green so.ip; (2) thorough washing of the parts with 1:1000 
mercury’ bichloride; (3) urethra! injection of five percent mild 
protein silver, and (4) thorough application of ointment of 
mild mercurous cliloridc to the parts. 

With tliis method of prophylaxis wfe find very few failures 
with respect to syphilitic or gonorrheal infections. However, 
chancroidal infections are apparently more resistant, and we 
were much surprised on reviewing our prophylactic failures 
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to obsen'e that a disproportionately large number of these had 
developed chancroid. “WTiether this disproportion reflects the 
more chemoresistance of the organism as compared rsdih the 
gonococcus and Treponema, whether the prophylaxis is not 
being adequately applied to the “danger zones” of Ducrey in- 
fection, or whether this is a chance circumstance in a relatively 
small number of cases we are not prepared to state. If this 
experience is generally corroborated throughout the Army, 
further investigation is indicated. 

In our series, 38 per cent of the patients had had a chemical 
prophylaxis, 29 per cent within one hour or less from the time 
of exposure. This experience is contrary to the experience of 
most reports. Thomas feels that soap and water thoroughly 
applied within one hour of the contact is effective. This rate 
of failure compares very unfavorably to results in gonorrhea 
and syphilis, in which it comprises no more than 0.8 per cent. 

Treatment: Until the advent of the sulfonamides the treat- 
ment of chancroidal infection was symptomatic rather than 
specific. During the ^\’’orld War treatment consisted of good 
local hygiene, under which many chancroids healed spontane- 
ously. However, in progressive cases or very early infections, 
the thermocautery or the chemical cautery was used with 
varied success as definiti^’e or abortive treatment. Frequently 
there was extreme tissue destruction and scarring. In 1918 the 
average noneffective days or lime lost from duty represented 
24.9 days. 

Since 1918 many therapeutic measures have been recom- 
mended, running the gamut from complex mixtures to surgical 
excision. All of these has'c been replaced by the sulfonamide 
drugs, surgery being indicated only when drainage and expo- 
sure of the lesion are extremely poor because of phimosis or 
paraphiroasis- The prc^noris has undergone a great change in 
recent years, since sulfonamides have been found useful. 

Prerequisite to the intelligent treatment of penile lesions is 
the recognition of the frequency' of mixed infections. It is our 
practice to search for Treponema pallidum repeatedly in penile 
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lesions subsequent to the positive diagnosis of BucTey infec- 
tion, svithliolding all local therapy until a minimum of four 
consecutive dark field examinations have been found negative. 
During lliis period treatment tvith sulfathiazole is initiated by 
mouth. In our experience, often necrotic and heavily sec- 
ondarily infected lesions become clean and Treponema is then 
more easily found in the expressed serum. 

In this series sve have found a chancroidal lesion coincident 
with syphilis in ten instances. These cases presented, however, 
no problem in therapy, for no adverse reaction marked the 
simultaneous use of sulfathiazole and daily full doses of ma- 
pliarsen as used in our clinic in the treatment of primary 
syphilis. 

Once the diagnosis of Ducrey infection is made, onr routine 
consists in the administration of sulfathiazole in 4 Gm. (60 
grains) daily doses, the initbl dose being 2 Gm. (30 grains) . 
The drug is continued in these doses for a minimum of seven 
days with careful observation for toxic phenomena. In no case 
in this series was there indication for svithdratval of the drug 
because of toxicity. 

After a minimum of four negative dark field examinations, 
during which local application of saline dressings was used, 
the lesions were treated twice daily with soaks of 1:8000 potas- 
sium permanganate, followed by the application of sulfanil- 
amide powder. 

Under this regimen all patients rapidly improved, witli an 
average of 7.G days of time lost from duty. No patient was 
discharged from the hospital until the lesions had completely 
epithelized. 

Ten per cent of our cases were admittetl with fluctuant 
buboes and surgical intervention was necessar)’ in all of these, 
since treatment by sulfathiazole alleviated none. In three cases 
it was noted that on admission the nodes were discrete, and in 
spile of favorable response of the ulceration to treatment the 
nodes went on to suppuration and had to be incised and 
drained. 
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There were six recurrences in this series, four of which had 
received less than seven days of treatment. One of these 
patients had received only local treatment for five days on his 
primary admission. Another had a mixed infection with 
primary syphilis. One case listed as a recurrence ts’as probably 
a reinfection, since there svas a time lapse of 92 days between 
his first and his second admission. On readmission all of these 
responded well to combined local and systemic therapy as 
outlined. 

It is customary in our clinic to follow all cases of genito- 
infectious disease not diagnosed as syphilis by tveekly serologic 
tests for syphilis for one month, and monthly Kahn tests for 
three months thereafter. However, since this post is a training 
center, many of the patients are transferred to other stations 
and field organizations. About S2 per cent of our patients were 
thus lost. The remaining 68 per cent have remained con- 
sistently seronegative except for two, tvho tvithin four tveeks 
returned with a positive blood test and were subsequently 
treated for early syphilis. Of these two patients, one had had a 
negative smear and negative skin test, but was repeatedly nega- 
tive on dark field examination and clinically was considered 
to have an early chancroidal nicer. The second patient gave 
negative smear and positive skin tests and also healed rapidly 
with sulfathiazole therapy. The diagnosis of chancroid in these 
two cases is open to question, despite the fact that the lesions 
healed without antisyphilitic treatment. 
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SULFONAMIDE THERAPY IN DISEASES OF CHILDREN 
NoM’kere are the results of sulfomwide therapy more strik- 
ing than in the treatment of diseases of children. Some of the 
forms of meningitis, as the most outstanding example, formerly 
had a mortality of almost 100 per cent. Non’, with adequate 
sulfonamide therapy, recoveries are becoming common. 
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Tabu; I — Dosage of Sulfonamides for Infants and Children 
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Dosage 

Infants and children as a rule tolerate the sulfonamides 
better than do adults and require larger doses per pound of 
body rveight. Solomon' gives the follo^ving information on 
dosage: 

The objective of dosage is a therapeutically adequate con- 
centration of free drug in the blood. This concentration, how- 
ever, may be affected by several factors: Individual Nariations 
in the rapidity of absorption and excretion of the drug; the 
fluid intake; state of hydration of the body tissues; the degree 
of acetylation, and the urinary' output. Unless conditions indi- 
cate otherwise, the fluid intake should not exceed 3000 cc. in 
24 hours, and an attempt should be made to maintain a 24- 
hour output of urine of not less than 1500 cc. 

The dosage suggested must be modified in some cases svhere 
optimum blood concentration is not being achieved. The 
amount of drug given depends primarily on the weight of the 
patient and the level of concentration of the drug desired 
in the blood. 

Sulfanilamide: Peroral: Ten to 15 mg. per cent, free sulfa- 
nilamide in the blood desired: Give 1 to 1 grains per pound 
of body weight for the first 24 hours. Initial dose should be 
one-third of the total 24-hour dose and the remainder should 
be divided into five equal doses given every four hours. 

Example: Patient iveighs 5D pounds. Initial dose, 25 grains 
(five five-grain tablets) ; then 10 grains (two five-grain) tablets 
every four hours. Continue with this dose until clinical im- 
provement occurs and the temperature drops to normal. Then 
decrease the dose— say, 50 per cent— and decrease the frequency 
—say, to three or four times a day. 

Hypodermoclysis: Subcutaneous route is preferable and drug 
is given in one per cent solution in physiologic saline solution, 
Hartmann’s solution, or sixth molar sodium lactate solution. 
Solutions must be prepared fresh for each 24-hour period. 

Technic: Solution should be heated and allowed to boil for 
a few minutes; it is then allowed to cool below the boiling 
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point. Crystalline sulfanilamide powder is then added and the 
solution allo^ved to cool to botly temperature. One-half the 
calculated 2i-hour dose is administered by hypodermoclysis, 
and one-quarter the 24-hour dose repeated at eight-hour 
Intervals. 

Example: Patient weighs 50 |)ounds, and is to receive I1/2 
grains per pound of body weight in 24 hours (5 Gm. or 75 
grains) . Five Gm. must be dissolved in 500 cc. of physiologic 
saline or other desired solution. Tlten 250 cc. of this solution 
is given as the first dose and 125 cc. repeated at eight-hour 
intervals. 

SuUapyritUne; Perornh* SuUapyvidinc is less soluble than 
sulfanilamide and there arc marked individual variations in 
the degree and rate of absorption of the drug. It is therefore 
more elilRcult to state a rigid dosage. One must be guided by 
the detenninatiojx of the blood concentration and clinical re- 
sponse. Five to 10 mg. per cent sulfap^Tidine in the blood 
desired: Give 1 grain per pound of body weight in first 24 
hours. The total 24*hot>r dose should not e.xceed 100 grains 
for children over 12 years of age. nor 80 grains for children 
under 12 years of age. Tiie initial dose should he one-third 
the calculated 24-hour dose, and the remainder is divided into 
five equal doses, each given every four hours. After the tem- 
perature has remained normal for 24 to 36 hours, the 24-hour 
dose can be decreased to 50 to 75 per cent of the first 24-hour 
dose. 

Hypodermoclysis: The alkalinity of this solution apparently 
does not initate the tissues. Physiologic salt solution is used 
as the >ehkle and the ding is dissolved to a strength ranging 
from 0.3 to 0.7 per cent. Tims, if the calculated dose is 5 Gm., 
it should be dissolved in 1000 cc. of physiologic saline solution 
to make a 0.5 per cent strength. For the technic of adminis- 
tration see Technic for hypodermoclysis under sulfanilamide. 
The rate of flow should be 200 to 250 cc. per hour. To obtain 
an adequate blood concentration quickly, sodium sulfapyTidine 
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(2 to 3 Gm.) should be given intra\enously, then followed by 
hypodennoclysis of sulfapyridine. 

Intravenous: Intravenous administration is indicated in cases 
of severe pneumococcic infection in order to get a rapid optimal 
blood concentration. It Is also used when vomiting or poor 
absorption from the small intestine makes it difficult to achieve 
a good blood concentration. 

Sodium sulfapyridine nionoliydrate is a white cr)’stalline 
powder, soluble in water at room temperature to the extent 
of 54 Gm. per 100 cc. of solution. Solutions of 0.2 Gm. to 40 
Gm. in 100 cc. are strongly alkaline, liaving a pH from 10 to 11. 
If given intramuscularly or intrathecally, necrosis of tissue may 
take place. When they are injected intravenously, care should 
be exercised to prevent any escape of fluid outside the vein. 
It is marketed in ampules (Abbott) of I, 4, and 6 Gm., and 
in bottles (Lederle) of 5 Gm. The drug is administered in 
five per cent solution in sterile physiologic saline solution or 
distilled water. One may give a less concentrated solution in a 
larger volume of physiologic saline solution. Caution! This 
solution should not be given with a blood transfusion or infu* 
sion of dextrose. Also, if this solution is given more than once 
or nvice, venous thromboses may occur. 

Five to 8 mg. per cent free sulfapyridine in blood desired: 
The initial dose is 0.03 Gm. (i/4 grain) per pound of body 
iveight. 

Example: Patient weighing 60 pounds should get 30 grains 
or 2 Gm. This dose should be weighed out and dissolved in 
40 cc. of sterile distilled water, making a five per cent solution. 
The rate of flow should be 5 cc. per minute. 

Maintenance Dose: Perioral therapy should be started as 
soon as possible. If inttaienous therapy must be continued a 
maintenance dose of 0.015 Gm. (l/^ grain) per pound of body 
weight should be given in five per cent solution of sterile dis- 
tilled ivatcr every six to eight hours. 

Rectal: Sodium sulfapyridine has been used rectally. It is 
given in two per cent solution as a retention enema. Initial 
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dose of this solution is 4 cc. per kg. of body weight; then 2 cc. 
per kg. of body weight is given every four hours. 

Example: Patient weighs 55 pounds. Divide the pounds by 
2.2 to change to kilograms— hence he weighs 25 kg. Allowing 
4 cc. per kg., the initial dose should be 100 cc. of a two per 
cent solution {this amounts to 2 Gm. of the drug) . Then, 
allowing 2 cc. per kg., 50 cc. of a two per cent solution should 
be given every four hours. 

Intrathecal: Most authorities object to this method of ad- 
ministration. Neal, however, has made the claim that a two 
per cent solution does not appear to irritate the meninges. 

Sulfathizole: Dosage cannot be determined with as much 
acairacy as in the case of sulfanilamide, because of individual 
variations of absorption and rapid excretion. 

Peroral: In order to attain adequate blood concentration, 
it is often necessary to give one and one-half limes the dose 
of sulfanilamide or suIfap)Ttdine, or the regular dose at more 
frequent intervals. 

Ten mg. per cent free sulfathlazole in blood desired; Give 
ll^ grains per pound of body weight in first 24 hours. The 
initial dose is one-third of the calculated 24-hour dose, and 
the remainder is divided into fis'e equal doses, each given every 
four hours. After the tcmpcraiiirc has remained normal for 
24 to 36 hours, the 24-hour dose can be decreased to 50 to 75 
percent of the first 24-hoHr dose. 

Sodium sulf3tIii.a7ole has also been given by mouth— I Gm. 
to gel an adequate blood concentration more quickly. The 
alkalinity of the preparation does not irritate the gastrointes- 
tinal tract enougli to preclude its use. 

Hypodermoclys'is: The same procedure is follotved as used 
with sodium sulfapjTidine (q-v.). The solution of sodium 
sultathiazole should be between 0.3 and 0.7 per cent in strength, 
and the rate of flow 250 to 300 cc per hour. 

Intravenotts: Sodium sulfathiazole sesquihydrate (Squibb) 
is available in 5 to 50 Gm. fwttles. Concentrations up to five 
per cent are used, but caution must be exercised against tissue 
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irritation because of the alkalinity of these solutions. Indica- 
tions for intravenous administration and procedure are the 
same as those described for sodium sulEap)’Tidine (q. v.) . Dosage 
should be modified, however, to allow one and one-half times 
as much sulfathiazole. After adequate blood concentration is 
reached the drug can be continued by hypodermoclysis. 

Rectal: Sulfathiazole is not absorbed very well from the 
rectum. 

Intrathecal: It is questionable whether sulfathiazole or 
sodium sulfathiazole should be administered intrathecally, ex- 
cept possibly in cases of staphylococcus meningitis. 

Sulfadiazine: 'Peroral: Dosage is the same as that of sulfa- 
pyridine and sulfathiazole, but higher blood concentrations are 
attained and the doses of sulfadiazine will have to be reduced 
as the concentration rises after a few days. Relatively smaller 
doses can be given at longer inten'als because the drug is ex- 
creted more slowly; the blood concentration is thereby main- 
tained for a longer time. 

The dosage should be inaeased 50 per cent in cases of pneu- 
mococcic and influenzat meningitis. 


Table 2— Sulfadiazine for Older Children 


CorKfrUratun | 

Initial Dost 

Meinttnemet Dost 

lOto 

15 mg. percent 

4Gm. (60 grains) 

1 Gm (15grains)q4h. 

Sto 

1 0 mgr. per cent j 

2to3Cra (30to45graiiu). 

1 Gm. (ISgrains) q 6h. 

3 to 

5 rag. per cent | 

ItoUGm (15to23gTains)| 

0.5 Gm. (7)4 grains) q 6 h. 


Table S — Sulfadiazine for Infants and Smaller Children 



Imttal Dote 

Matnterutme Dote 

Under 6 months i 

0.5 Gra. 

0.25 Gm. q 6 h. 

6 months to 3 years ' 

1 Gm. 

0 5 Gm. q 6 h. 

3 yean to 10 years ' 

ZGm. 

1 Gm. q 6 h. 
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IntrarejiOMs; Sodium sulfadiazine is administered intrave- 
nously in five per cent strength, the diluent being physiologic 
saline solution or distilled water. Caution must be exercised 
in injecting the solution because of its alkalinity. The dosage 
is 0.3 Gm. ( 1 /^ grain) per pound of body tveighL This will 
ordinarily produce a blood concentration of about 10 mg. per 
cent. If the peroral method cannot be used, the same dose can 
be repeated intravenously every* 8 to 12 hours. Blood levels 
should be determined once or even twice daily. 

Hyfjodermoclysis: The drug should be administered in 0.3 
to 0.8 per cent physiologic saline solution. The rate of flow 
should be 250 to 300 cc. per hour. Blood levels must be deter- 
mined every 12 hours to control the dosage. In severe infec- 
tions an initial dose of sodium sulfadiazine should be adminis- 
tered intravenously and then followed by hypodermodysis every 
8 to 12 hours. 

Rectal and Intrathecal Routes: Tliese are not recommended. 

Sulfaguanidine: Sulfanilamide should not be used sitnul- 
taneotisly with sulfaguanidine cither locally or by other routes. 

Peroral: Acute Bacillary Dysentery: Initial dose, 0.1 Gm. 
(Ily^ grains) per kg. of l>ody weight; then O.OG Gm. (1 grain) 
per kg. every four Iiours, day and night, until the stools number 
five or less a day; then O.I Cm. (Ii/^ grains) per kg. every eight 
hours for at least three days. The drug sliould not be given 
longer than 14 days. 

Prophylactic Vse in Abdominal Surgery: This use of sulfa- 
guanidine has special use in cases of resection of the colon 
where the danger of fecal contamination of the abdominal 
cavity exists. The dosage is 0.06 Gm. (1 grain) per kg. of body 
weight every eight hours for five to seven days before operation. 
If the patient can take the drug orally after operation a similar 
dose is given for seven days, so that the total period of ad- 
ministration does not exceed 14 days. If the drug must be 
continued beyond 14 days, repeated blood counts should be 
made to exclude neutropenia. 
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Elimination of Sulfonamides in Breast Milk: While sulfon- 
amide is eliminated in breast milk, its amount is quite small, 
averaging only about 0.3 to 2 percent of the total amount taken 
by the mother.. A daily oral dose of 3 Gm. u’ill bring about the 
elimination in the milk of betiveen 0.5 and 1.5 mg. per 100 cc.; 
a daily dose of 6 Gm. will give an elimination in the breast milk 
of about 1 to 2 mg. The mother's corresponding blood level is 
generally nvo or three times higher than that in the milk. A 
nursing infant will ingest during the course of a day only about 
4 mg. of the sulfonamide, and this amount is too small to exert 
a therapeutic effect on the Infant. 

Repeated Administration of Sulfonamides to Children 

Fink and Wilson^* report on the incidence of acquired 
sensitivity to sulfadiazine and suUathiazole in 177 children, 
who had received a sulfonamide drug in nvo or more courses 
and who had had no reaction during the first course. Three 
febrile reactions developed in the 86 patients who tvere given 
sulfathiazole, and four febrile reactions in the 91 given sulfa- 
diazine. It is suggested that these reactions could have been 
toxic reactions rather than a manifestation of sensitivity. Two 
of the seven children with initial reactions were given a second 
and a third course of the dnig without reaction. Three of five 
children who had had reactions during a first course developed 
an "immediate" type of febrile reaction during a second course 
of sulfonamide. These studies show that sensitization to sulfa- 
thiazole or sulfadiazine is not common or frequent in cliildren, 
but that one reaction greatly increases the probability of future 
reactions. The authors believe that if a child develops toxic 
reactions during the first administration of a sulfonamide, sub- 
sequent administration of the drug should be ciutious and 
under close observation. 

Bflcferemia 

Hemolytic streptococcic bacteremia frequently occurs as a 
complication or extension of severe infections by these organisms 
in other parts of the body, and adequate sulfonamide therapy 
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with sulfadiazine, sulfanilamide, sulfapyridine, or sulfathiazole* 
is indicated. Herrell and Brown* state: "It is conservative, we 
think, to estimate that tliis form (adequate sulfonamide) of 
therapy for septicemia has almost doubled the rate of recovery'." 
Berry* believes ^i/ith others that energetic chemotherapy in most 
cases will bring about prompt sterilization of the blood stream 
and improvement in the lesion responsible for the septicemia. 

Whatever sulfonamide is tised it will have no effect on an 
existing toxemia and antitoxin therapy should be considered 
for this phase of the disease. 

TTie causes of failure of sulfonamide therapy are inadequate 
concentration in the blood of the drug, the presence of metastatic 
foci, and organisms which are refractory to the drug where the 
patient fails to establish an immune mechanism. 

Other forms of therapy should not be neglected, such as blood 
transfusions and prompt surgical intervention. 

Bronchitis 

Capillary bronchitis and acute bronchiolitis are very common 
infections in young children and possibly have a variety of 
causes. Some observers feel that they are primarily virus infeo 
tlons with bacteria as secondary* invaders. As a consequence, 
the results fiom chemotherapy are not clear-cut. Risser® and 
Hubble and Osborn® have reported the successful use of sulfa- 
pyridine in these conditions. Sulfadiazine might be used instead 
because of its usefulness against a variety of organisms. 

Diarrhea 

Halpem and Cunningltam’ made a study of the effectiveness 
of sulfathiazole and sulfaguanidine in the treatment of acute 
diarrhea. Sulfathiazole was used in 23 children in an initial 
dose of 1 /^ grain per pound, followed by 1 grain per pound, 
divided into six equal doses. Sodium sulfathiazole was given 
intravenously to patients who were critically ill. The drug was 
discontinued 24 hours after the stools became normal. Blood 
levels ranged from a trace to 13 mg. per cent with an average 
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of 2.6 mg. per cent. No toxic effects from the drug were noted. 
Fever and toxicity subsided within 24 to 36 hours. In an average 
of five days the stools became normal in number and of good 
consistency. 

Sulfaguanidine was given to 13 children, five receiving doses 
equivalent to those of sulfathiazole and the remainder receiving 
34 grain per pound initially, follotved by 2i^ grains per pound, 
in six equal doses during the 24 hours. No unfavorable reactions 
were noted. Blood levels ranged from a trace to 2.25 mg. per 
cent, averaging slightly more than a trace. The clinical course 
was similar to that of the children treated ivith sulfathiazole. 
Stools became normal in an average of 5.4 days. 

As a control, 11 children received no specific therapy. Their 
stools became normal in 12.5 days, but fever and toxicity per* 
sisted for many days and there was a prolonged convalescence. 

Tudor* made a similar study to compare the efficiency of 
sulfathiazole and sulfaguanidine in the treatment of infantile 
diarrhea, treating 16 patients with sulfathiazole and 15 with 
sulfaguanidine from the day of admission to the hospital to the 
fourth or fifth day after their diarrhea and other symptoms had 
ceased. Dosages of sulfathiazole for infants under one year of 
age were 1 Gm. on admission and 0.25 Gm. every four hours 
thereafter; of sulfaguanidine, 2 Gm. on admission and 0.5 Gm. 
every four hours thereafter. The dosages of each of these drugs 
svere doubled for infants over the age of one year. The only 
toxic reaction noted svas prolonged fever in two patients. 

Of the 31 children, 16 had clinical bacillary dysentery and 
15 had parenteral diarrhea. No pathogenic bacteria rvere iso- 
lated from any of the stools, ivhich rvere cultured daily for three 
days after admission. Except for three patients, who did not 
improve on sulfaguanidine, the two drugs were equally effective 
in both the dysentery and the parenteral diarrhea cases. 

The author’s impression that sulfonamides were beneficial in 
checking the diarrhea in one case of typhoid fever and in three 
cases of paratyphoid A is at variance with the report of Hall,* 
who noted no change in the course of five patients with typhoid 
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fever and oE one salmonella gastroenteritis after the ad- 
ministration of siilfagnanidine. 

See also section on Sttccinylsulfalhiazolc, page 36. 

Diphtheria 

Under no circnmslnnces shouJd sulfonamide therapy be used 
in diphtheria. It lias become a common practice to administer 
one of the sulfonamides to every patient with a sore throat, and 
when this turns out to be diphtheria there often follow disas- 
trous complications, particularly neuritis or myocarditis, when 
serum is omitted or given late. It cannot be emphasized too 
strongly that tJie sulfonamides have no effect on the toxin of 
diphtlieria. Every sore throat in children should be cultured 
for the possible presence of diphtheria bacillae. Even when 
culture shows the absence of diphtheria bacillae and that the 
sore throat probably is a tonsillitis, sulfonamide therapy is not 
indicated. See Tomf/hht, page 153. 

Empyema 

Emp)cma responds to tteatment with sulfanilamide, sulfa- 
pyridine, or sulfathiazole, the latter two drugs being preferable. 
^Vhilc the use of sulfonamides does not materially lessen tlic 
need for surgical intervention, they often shorten the duration 
of the disease and of the postoperative course and present the 
spread of the infection. Leahy,’® however, belies es that it is 
possible to cure certain cases of hemolytic streptococcus em- 
pyema without drainage and to shorten the conialesccnce wlicn 
they are drained. See also page 190. 

Subacute Bacterial Endocarditis 

The consensus at the present time is that little is to be gained 
Irom sullonamldc therapy alone in suhacuie liacteTial endo- 
carditis, other than a temporary Improvement in the patient’s 
condition and the sterilization of the blood, alhough Dick” has 
reported a case with the following summary: "in a case of sub- 
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acute bacterial endocarditis recovery from active bacterial in- 
fection followed the intra\enous injection of 40 Gm. of sodium 
sulfadiazine. Somewhat alarming but transient renal damage 
occurred. There rvas no evidence of permanent injury to the 
kidneys.” 

Recent reports of the combined use of heparin and chemo- 
therapy have not shotvn that this tlierapy has had any advantage 
over chemotherapy alone. 

Sulfonamides and fever tlierapy, according to Lichtman and 
Bierman,i 2 have given some of the best results of any treatment 
so far. Sulfanilamide or sulfapyridine is given in sufBcient dosage 
to produce a blood concentration of about 10 mg. per cent. The 
drug is started before the fever therapy and continued through- 
out its course. The fever is induced by means of a hypertherm 
and body temperature is maintained between 40“ and 40.5* C. 
(104° and 105* F.) for five hours, the treatments being given 
every three to five days until there is definite evidence of im- 
provement, A nurse must be in constant attendance during a 
treatment to take the pulse and respiration every 15 minutes. 
The patients should drink about 2000 cc. of iced 0.6 per cent 
saline solution during the five hours of treatment. Any sign of 
impending cardiovascular crises is a signal to stop treatment 
immediately. 

Solomon'3 describes the me of sulfonamides combined with 
intravenous typhoid-paratyphoid vaccine. A sufficient dosage of 
the sulfonamide is administered to give a blood level of about 
10 mg. per cent, and the drug is continued while alternate daily 
intravenous injections of typhoid-paratyphoid vaccine are given. 
The initial dose of O.Ol to O.I cc. is gradually increased at each 
injection. Solomon fael^e^’es that the foreign protein shock action 
of this method of treatment enhances the chemotherapy to a 
greater extent than is achieved through artificial fever therapy. 
At least si.v sessions of treatment over seven to ten days should 
be given. If leukopenia develops the fei'er therapy should be 
discontinued until the leukocyte count returns to normal. 
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Erysipelas 

Prior to the advent of the sulfonamides the mortality from 
erysipelas in infants and children ranged from 30 to 50 per cent. 
This has dropped with chemotherapy to the neighborhood of 
five per cent. Sulfanilamide has been the drug most used, but 
sulfapyridine and sulfathiaiole also have given favorable results. 
Feinsten et alM showed sulfadiarine to be effective against ex- 
perimental infections due to hemolytic streptococci, and the 
readiness with which blood concentrations can be obtained and 
its relatively low toxicity would seem to indicate that it is a favor- 
able alternative chemotherapeutic agent. TTtis has been borne 
out by Finland, Strauss, and Peierson,''> who reported sulfa- 
diaiine highly effective in erysipelas. Also sec page 205. 

Gonococcal Infections 

Ophthalmia; Sulfapyridine and sulfathiazole, given orally, 
are of great vah:e in the treatment of gonococcal ophthalmia. 
Lewis'® reports in 22 cases treated tvith sulfapyridine a reduction 
of the duration of ireatmem to an average of 2.57 days and in 
eight cases receiving sulfathiazole to an average of four days. 

Vulvovaginitis: Cohn, Steer, and Adlcr'^ report that "ap- 
parently 68 per cent of the cases underwent a so-called ‘spon- 
taneous cure.' The rest became ‘carriers.’ The study indicated 
that tre-itment which requires considerable time may merely 
be carrying the children through the period during which they 
develop spontaneous cures, and that some children recover 
regardless of the type of treatment used." From this and other 
similar reports it is apparent that chemotherapy in its present 
development docs little for the cure of gonococcal vulvov.jginitis. 

Meningitis 

Until the advent of the sulfonamide drugs the treatment of 
meningitis, except in the epidemic cerebrospinal variety, was 
very unsatisfactory and usually futile, consisting essentially of 
the treatment of symptoms. With the com ing of tlic sulfonamides 
the picture changed radically, although in tuberculous menin- 
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gitis, as in other forms of tuberculosis, the sulfonamides are 
without value. An example of the changed picture is seen in 
purulent meningitis, which formerly in nearly every case ended 
fatally. Now with sulfonamide therapy recoveries are common- 
place. Pneumococcus meningitis generally responds fav-orably 
to the sulfonamides, particularly sulfapyridine and sulfathiazine, 
and influenzal meningitis to a Jess degree, but many observers 
feel that results are better in the latter type when sulfapyridine 
or sulfathiazole is given in combination with serum. 

The wisest course in meningitis would seem to be the institu- 
tion of chemotherapy with the sulfonamides in every case of 
meningitis, regardless of which type it may turn out to be, even 
though all cases will not respond to it. 

Meningococcic Meningitis: Harries^^repom 500 cases treated 
by chemotherapy alone without intrathecal serum. Sulfapyri- 
dine was used in 431 cases and sulfathiazole in the remaining 
29. Sulfathiazole appeared equally effective in bringing about 
recoveries and did not give rise to the toxic manifestations of 
sulfap)Tidine, nausea, and vomiting. The sulfonamide was ad- 
ministered by giving 2 Gm. by mouth, followed by 2 Gm. every 
four hours for four doses, and then I Gm. every four hours for 
96 hours. After this 0.5 Gm. was given every six hours for an- 
other three days. Children under 12 years received half the adult 
dose and infants under 12 months one-quarter. 

Lumbar punctures were made for the relief of headache. In 
all cases fluids were pushed in the form of five per cent glucose 
in saline solution. Acute septicemic cases were given desoxycor- 
ticosterone acetate intramuscularly. No case tvas considered out 
of danger until the spinal fluid sugar had returned to normal. 

Campbell® favors serum in combination svith the sulfon- 
amides. He reports 20 deaths in 40 patients treated with serum 
alone, and no deaths in ten patients treated with sulfanilamide 
and serum. 

Antimeningococcus serum is recommended for intravenous 
use for patients who fail to improve sufficiently after 24 to 48 
hours of adequate chemotherapy and earlier in selected cases 
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of severe or fulminating disease. Tlie dose is empiric. About 
50 to 100 cc. are given initially to an adult of average veight 
and subsequent doses depend upon the initial response. Intra- 
thecal therapy may be given 24 hours after the intravenous injec- 
tions have been started if the infection persists. 

Tlie Surgeon General of the United States Army in a circular 
letter^® recommends the use of sulfadiazine. If tfiis drug is not 
available, sulfanilamide is recommended. 

Dingle and Finland.^* nlthoiigh favoring sulfapyridine at 
present, believe that sulfadiazine will be the drug of choice if 
experience tvith it proves its value, because it has the widest 
range of effectiveness, the lowest toxicity, and good penetration 
into the cerebrospinal fluid. 

The plan of ireaimcm they advocate follows: There should 
be immediate institution of chemotherapy after the presence 
of organisms, the preponderance of polymorphonuclear cells, 
or the occurrence of pus in the cerebrospinal fluid is recognized, 
rjieir preferred drug, as has been stated, is sulfapyridine. If 
given intravenously they use an initial "Joading” dose of 0.1 Gm. 
per kg. of body weight of the sodium salt in distilled water, or 
in a concentration of two per cent or less in physiologic salt 
solution. A concentration of 0.5 per cent in saline solution is 
preferable, because it also serv'es to provide fluid to combat the 
dehydration. 

If the parenteral route is used a similar total daily dose is given 
for the flrst two days. Drtigs may be given parenierally for longer 
periods to patients vs'ith severe or fulminating disease, to tltose 
who are comatose, or to those who vomit excessively. The total 
daily dose may be given in three divided doses at cigivt-hour 
imerv’als. 

After the first two days the drug was given by mouth. A 
similar dose is divided into four to six equal amounts and spaced 
evenly throughout the 24 hours. 

Dehydration is checked by administering 3500 cc. of normal 
saline solution with or without five per cent dextrose solution. 
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Mutches reports on a new sulfonamide, sulfonamide ethyl- 
alpha-sulfonate, which he used successfully in the treatment oi 
meningococcic meningitis. The drug is freely soluble in water 
and almost tasteless. Infants and patients in coma or those who 
are vomiting or have diarrhea can be treated easily by giving 
the drug by mouth, nasal tube, rectal tube, or intravenous drip. 
In the patients receiving the drug general malaise was slight and 
pallor, nausea, and somiting never occurred. Cyanosis was com- 
mon, but it never caused distress or required the discontinuance 
of therapy. Granulocytopenia or simple leukopenia was not 
encountered. Minor d^[rees of anemia were obsen'ed, Inu not 
with greater frequency or severity iljan is usual after a severe 
infectious illness. There were no serious complications. 

The author treated 34 cases of acute epidemic cerebrospinal 
meningitis with the new drug. Three died, but there were no 
deaths among those seen in the first week of illness and who 
remained free from serious secondary infections of the viscera. 
The temperature of some patients n-as normal after S6 hours 
of treatment. Recovery was complete in as little as two and one- 
half weeks. 

Influenzal Meningitis: The prevailing opinion is that both a 
sulfonamide (sulfapyridine or sulfatliiazole) and serum should 
be used. The serus is given intravenously for all patients with 
type B infections. The initial dose of unconcentrated rabbit 
antiserum is 1.0 to 2.5 cc. per kg. of body wejglit, or the equiva- 
lent of 50 to 100 mg. of antibody nitrogen, depending upon the 
severity of the infection. Intrathecal injections of antiserum 
with complement only are used for patients who fail to respond 
within 48 hours after intravenous seropathy is begun. 

Pneumococcal Meningitis: Sulfapjridine and sulfadiazine 
are considered the most effective sulfonamides for pneumococcal 
meningitis. Hollander^^ made an extensive review of 260 re- 
ported cases of pneumococcal meningitis in which sulfonamide 
therapy, with or without serum, was employed in an attempt to 
evaluate the effectiveness of each therapeutic agent alone and 
combined. Sulfapyridine proved the most effective drug in 160 
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cases in which chemotherapy was used alone. The percentages 
o£ recovery ^vith sulfapyridine-serum therapy and tvith sulfapy- 
ridine alone are the same, 58 per cent. Meningitis caused by 
types in and V seemed to require the combined therapy. Also, 
the combined tlierapy gives the best prognosis in the age period 
between 10 and 20 years. 

The senim is begun for all patients as soon as the type of the 
causative pneumococcus has been determined, but particularly 
for those who do not respond favorably to sulfonamide therapy 
alone after 24 to 48 hours. The initial dose is usually 200,000 
units and the mode of administration is by vein. 

Hodes, Smith, and Ickes-* report on 60 cases of pneumococcic 
meningitis treated ■with sulfonamides. As soon as tlie diagnosis 
of meningitis is established by the presence of cloudy spinal 
fluid a blood culture and nasopharyngeal cultures are obtained 
and the patient is then given the sodium salt of one of the sulfon* 
amides intravenously. Children are given 0.025 to 0.050 Gm. 
per kg. of body weight of the sulfonamide by mouth or, if un- 
conscious, hy stomach tube. From then on approximately 0.2 
Gm. per kg. of body weight is given every 24 hours, divided into 
six or eight doses. Adults usually receive 3 Gm. intravenously 
and 2 to 4 Gtn. by mouth as an initial dose, and 1.6 Gm. every 
four hours thereafter. During the early period of treatment 
the blood level of the sulfonamide is determined daily. The 
authors believe that levels of 8 to 12 mg. per cent work as well 
as higher levels, and rarely give tlie drug intravenously after the 
first dose. Tlie sulfonamide is usually continued for two weeks 
after the temperature has dropped to normal. It is not with- 
drawn unless the spinal fluid is sterile and has a normal sugar 
content and the patient appears well. Some of the patients 
showed definite clinical improvement within 24 hours of ad- 
mission, but others who eventually recovered remained ill for 
as long as ten days. 

Eleven of the 60 patients showed some toxic effects from the 
sulfonamides. Si.xof these developed gross or microscopic hema- 
turia. TVhen this occurred early in the course of the disease the 
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patient’s fluid intake ^vas increased and the hematuria cleared. 
When blood appeared in the urine at a time when the patient 
was clinically ivell drug therapy was discontinued. Tivo of the 
patients developed "drug fever,” one a drug rash, and two showed 
leukopenia. All of the latter manifestations of sensitivity to the 
drug occurred during conv-alescence and not one was fatal. 

An interesting angle to this report was the high mortality in 
children under ttvo years of age compared u’ith children over 
two years of age> only 22 per cent of the children in the first group 
recovering in contrast with 64 per cent of the older group. 

Streptococcic Meningitis; Ranu^s reports four cures of strep- 
tococcus meningitis with sulfapyridine and feels that this drug 
is effective in nonhemolytic or viridans streptococcic meningitis. 
Intravenous therapy with antistreptococcus or scarlet fever con- 
valescent serum may be tried for patients svho still have infected 
cerebrospinal fluid after 48 hours or more of adequate chemo- 
therapy. However, the value of these sera is questionable. 

Riley and Waugh^^ favor the use of sulfadiazine in strepto- 
coccic meningitis and state: "The effectiveness of sulfadiazine 
as a therapeutic agent, coupled with its low toxicity, makes this 
the drug of choice in the treatment of streptococcic meningitis." 

Torula Meningitis: All treatment for torula meningitis here- 
tofore has been ineffective, but a recent report by Marshall and 
Teed^^ tells of the recovery of a case of this disease treated with 
sulfadiazine. It is possible, therefore, that the mycoses may be 
amenable to svilfonamide therapy. 

Osteomyelitis 

The therapy of acute osteomyelitis has resolved itself into the 
following measures: Rest, blood transfusions, fluids, sulfon- 
amides, serotherapy bacteriophage, antitoxins, immunotransfu- 
sions, and local treatment. Long and Blisses state: "We have yet 
to see a patient suffering from theacute form of this disease whose 
infection was not cured when adequate therapy witli sulfanil- 
amide was instituted.” 
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The effectiveness of the sutfonamides is high vvhcn the intec- 
tion is caused by the streptococcus, gonococcus, or meningococ- 
cus. Their value in other types of osteom>elitis has yet to be 
proved, but one should institute sulfonamide therapy in every 
case, at least until the type of organism has been demonstrated 
to be one not likely to be affected by these drugs. Cenainly, in 
infants, there is at least an even chance that the offending or- 
ganism is the streptococcus, and infants tolerate the sulfonamides 
very well. 

Schmidt-'* reports four cases tvliich ilhistjatc sulfonamide 
therapy for osteomyelitis in children: 

Case 1: R. Z., an ll-year-old boy, was admitted to tlie Afil- 
waukee Children’s Hospital on December 4. J911. The motJier 
stated that the child had stnick his left leg against a cement block 
five da>s before. The pain increased daily. On admission he 
was complaining bitterly of pain in the left knee. Past liisioiy' 
is of no significance. 

Exafninaiion: On admission, the p.itieni appeared acutely 
tU and presented a typical picture of an acute pyogenic infection. 
His lips were parched, and the sUn was dry. He was rational. 
He cried continuously, fearing that someone u’ould touch his 
leg. The lower one-half of the femur, including tlie knee, was 
swollen. There was no fluctuation. Tenderness was exquisite 
on both the medial and lateral aspect of the lower end of the 
femur. The knee could be moved through an arc of 30 degrees 
with but slight discomfort. The rectal temperature was 103.8* P . 
pulse rate 112, and respiratory rate 28. The leukocyte count 
was 20,800, the erythrocyte count 5,200,000, and the hemoglobin 
11.5 mg. The urine was negative. 

A roentgenogram of the femur was essentially negative. Blood 
culture taken on December 5 revealed a hemolytic Staphylo- 
coccus aureus. 

Diagnosis: Acute osteomyelitis of the left femur. 

Treatment: Sulfadiazine was started immediately on the basis 
of 1 grain per pound of body weight per day. This was increased 
to 11/ grains on the third day and was decreased to 1 / grain on 
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the ninth day. After the padent’5 temperature had been normal 
for 12 days and the sulfadiazine discontinued, it tvas interesting 
to note that the follotwng day the temperature started rising, 
and die third day it was 101.5*’ F. He was again given sulfadia- 
zine at the rate of I grain per pound of body weight per day for 
one week, after which the amount was reduced to grain. On 
January 16, which \vzs one month after the fever originally sub- 
sided, the sulfadiazine was again discontinued, only to be fol- 
lowed with a rising temperature and pain in the affected thigh. 
It tvas then decided that we would continue with the sulfadiazine 
and maintain a blood level from 3 to 7 mg. per 100 cc. for a 
period of at least two months. The sulfadiazine was finally dis- 
continued four months after admission to the hospital. 

Two hundred fifty cc. of citrated blood were given daily the 
first four days in the hospital, and in addition the patient received 
250 cc. of five per cent dextrose intravenously on the second and 
third day. He probably had a reaction to the transfusion on the 
third day. His temperature rose to 106® F. Hot fomentations 
were applied to the leg during the acute stage. On admission, 
Russell’s traction was applied to the leg. 

A roentgenogram on December IS, 1941, showed an osteo- 
myelitis of the left femur. He was discharged from the hospital 
on April 20, 1942. 

Summary of Case: This is a typical case of an acute hema- 
togenous osteomyelitis that was treated with sulfadiazine plus 
other supportive measures. There were ttvo flare-ups follosving 
the discontinuation of sulfadiazine at too early a date. Clinically 
he has completely recovered. 

Case 2: D. P., a 10-ycar-old girl, was admitted to Milwaukee 
Children’s Hospital on January 7, 1942. This patient had had 
an earache about two sveeks prior to admission. On January 5, 
she developed a backache, svhich W'as followed with a chill. Past 
history is of no significance. 

Examination: Examination revealed a well-developed girl 
complaining bitterly of pain in the back. Examination was most 
difficult because of the marked muscle spasm of the extensor 
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muscles ot the hip and the posterior muscles of the back and neck. 
The picture was that of an acute meningeal irritation. There 
was no swelling over the spine, but tenderness svas rather gen- 
eralized over the lumbar region. The abdominal reflexes were 
present. The reflexes in the upper extremities were somewhat 
hyperactive, but the knee jerks and Achilles’ reflexes were defi- 
nitely hyperactive. The plantar reflexes were negative. There 
was no ankle clonus. A few drops of pus were aspirated from the 
most tender area on January 8. The culture revealed hemolytic 
Streptococcus aureus. A cisternal puncture on January 8 re- 
vealed 233 cells and a trace of globulin. Tire rectal temperature 
on admission was 101.6° F., pulse 126, respiration 26, The leuko- 
cyte count was 15,000, and the hemoglobin tvas 10.5 mg. Aroent- 
genogram of the spine rvas negative. 

Diagnosis: Osteomyelitis of the spine. 

Trefllment: On January 8, the patient received svilfadiazine 
on the basis of I grain per pound of body rveight per day. On 
the evening of the third day in the hospital she passed gross blood 
in the urine, which .subsided immediately when the dose svas 
reduced one-half. A superficial abscess over the third lumbar 
vertebra svas incised on the tenth day and continued to drain for 
three and one-half months. One month after admission, the 
dosage of sulfadiazine was again reduced in an attempt to main- 
tain a blood level of 3 to 7 mg. for an additional three months. 
On the third day iu the hospital she received a transfusion of 
200 cc. and on the fourth day 500 cc. of titrated blood. A roent- 
genogram on January 21 revealed an osteomyelitis of the spinous 
process of the third lumbar vertebra. She svas discharged from 
the hospital on January 24. 

SximmaTy of Case: Tins patient developed a hematuria prob- 
ably due to the large dosesof sulfadiazine. The hematuria cleared 
up immediately when the dose was ait in half. The abscess was 
incised immediately after the acme stage and drained for three 
and onc-fialf months. Clinically, this patient has made a com- 
plete recovery. 
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Case 3: C. B., a 4-year-old girl, was admitted to St. Luke’s 
Hospital on January 21, 1942. According to the father, the 
patient had struck her leg on a door four days prior to admis- 
sion. Two days later she complained of pain in the left ankle. 
Past history is inconsequential. 

Examination: This child had the typical appearance of a 
person tvith an acute pyogenic infection. The losver one-third 
of the left leg svas stvollen. The ankle svas slightly enlarged, but 
it could be moved slotvly without much discomfort. There svas 
local heat and tenderness about the lower end of the tibia. The 
rectal temperature on admission was 102.6® F., pulse rate 128, 
respiration 30. Blood culture uiken on January 22 revealed 
hemolytic Staphylococcus aureus. 

A roentgenogram on admission was negative. 

Diagnosis: Acute osteomyelitis of the left tibia. A roent- 
genogram on February 2 revealed an osteomyelitis of the left 
tibia. 

Treatment: Even though the patient received sulfadiazine 
on the basis of I grain per pound of body weight per day begin- 
ning January 22, the blood level on January 23 and 24 rvas only 
3,5 and 5.3 mg., respectively, per 100 cc. On January 26, it rvas 
10 mg. On the fourth day she began to show some improvement. 
During hospitalization the sulfadiazine dosage remained the 
same, but the following two months an attempt was made to 
keep the blood level between 3 and 7 mg. per 100 cc. A super- 
ficial abscess just below the knee svas drained on January 31. 
It was completely healed one month later at the time the cast 
tvas removed. She was discharged from the hospital on Feb- 
ruary 7. 

Summary of Case: This case was unusual in that even though 
large doses of sulfadiazine were given, the blood level did not 
rise above 5.3 mg. per 100 cc. until the third day. The abscess 
was incised when the temperature was practically normal, and 
it tvas completely healed in less than four weeks. Clinically, she 
has made a complete recovery. 
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Case 4: R. E., n boy aged two yeats and four months^ was ad- 
mitted to Milwaukee Children's Hospital on April 24, 1942. 
According to the mother, the child had had impetigo for several 
months. He had complained of pain in the left leg for one week. 
Past history tvas of no significance. 

Examination: This patient did not appear acutely ill. The 
lower one-half of the left thigh presented some swelling. It was 
difilciilt to localize the tenderness. The rectal temperature on 
admission ivas 103® F., pulse 135, respiration 25. Blood culture 
on two occasions was negative. Throat culture revealed hemo- 
lytic streptococcus. The leukoc)'te count was 21,300, the ciythro- 
cyte count 4,450,000, and the hemoglobin was 10.5 mg. A roent- 
genogram of the femur was negative. 

Diflguosis; Acute osteomyelitis of left femur. 

Treatment: Sulfadiazine on the basis of 1 grain per pound of 
body weight was given immediately on admission. The dosage 
svas reduced by one-half after 14 days of hospit.alizaiion. Because 
of a rising temperature, five days later a full dosage svas again 
given for an additional ten days. Follosving this, the patient 
received one-half die full dose for a period of two months. A 
transfusion of 200 cc- of citrated blood sras given on May 16 and 
again on May 19. Russell’s traction svas applied on admission 
to the hospital. A roentgenogram on May 2 rescaled an osteo- 
myelitis of the left femur. He svas discharged on July 28. 

Summary o/ Case: In spite of large doses of sulfadiazine, the 
temperature remained elesaied for tsvo sveeks. After subsiding 
for just tsvo days, it again rose for a period of ten days. Clinically, 
the patient has made a complete recovery. 

Otitis Media and Mastoiditis 

Otitis Media: SsiUonamide therapy has its greatest effective- 
ness in the acute isttcttsons and pasticttlatly befove suppuration 
has started. Sulfanilamide has had the most use of the various 
sulfonamides, and a sh.arp reduction in the incidence of mas- 
toiditis requiring operation follosving its administration has been 
reported by Bosvers^® and by Horan and Frcnch.so Hosvever, 
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otitis of pneumococcal or staphylococcal origin had better be 
treated by sulfap)Tidine or sulfalhiazole. Sulfadiazine can be 
used in all cases and may be preferable because of the rapidity 
of reaching a blood concentration and because of its low toxicity. 

DeSanctis and larkin^i reported on 1992 cases of otitis media 
and mastoiditis over an ll-year period, many of the cases since 
1937 being treated with sulfonamides. Their summary and con- 
clusions follow: (1) Over an U-year period 1992 children with 
otitis media and mastoiditis were admitted to the babies’ rrards 
of the New York Postgraduate Hospital; (2) the 932 cases in 
the last six years, 1936 to 1941, were studied in great detail as to 
'age, sex, and seasonal i-ariations, the symptoms and physical signs 
of otitis media and mastoiditis, and the relative frequency of 
each; (3) a year-by-year breakdown of symptoms, physical signs, 
and laboratory data reveals that there has been no decrease in 
the severity of otitis media and mastoiditis in the last few >ears; 
(4) there has been a decrease in the reliance of irrigations of the 
ear and myringotomy in the treatment of otitis media; (5) a 
comparison of the group of patients treated with sulfonamides 
against the group treated without sulfonamides from 1937 to 
1941 shows an incidence of mastoiditis of nine per cent in the 
former and 30 per cent in the later; (6) sulfalhiazole is the drug 
of choice. Onegrain per pound a day is the recommended dosage. 



Chart I — Age incidence la a series of 932 cases of otitis inedla 
aad tatitoiditis (I956'l9i0’ 
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In ihc discussion of this paper, Larkin stated that he felt it had 
been proven conclusively “that the one responsible agent tvhich 
has produced these remarkable changes in the incidence of mas- 
toiditis is chemotherapy.” 



(D^joctii. A. C . ir>S lirkia. V. de P ; /. A. At. A ] 
Chan 6— Co<npari»nn o( Inridnicc of acute purulent otitis media 
and of acute mastoiditis (19Sl-l9fl> 

Forty patients n-ith otitis ntetha received chemotherapy and 
20 were treated tNithotit drugs in a report by Curtin.s^ This 
report shows a ten per cent statistical advantage in favor of 
chemotherapy. Also, it is sIiowti that chemotIieraj)y can shorten 
the course of the disease and prevent many complications. For 
streptococcic infections a barge initial dose of 1.6 to 2 Gm. (25 
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to 30 grains) of sulfanilamide should be given every four hours 
for three or four days. If the temperature drops and the discharge 
diminishes, the daily dose can be reduced to 2.6 to 3.2 Gm. (40 
to 48 grains) for a ferv days and then to 1.3 Gm. (20 grains) a 
day for a fetv days. Chemotherapy should be continued for six 
or seven days after the symptoms subside to avoid a recurrence. 


OTITIS MEDIA WASTOIDITIS 



Ch 2 rt 7 — Treatment of otitis media and inattoiditis with the sulfonamides. 

For pneumococcic infections, smaller doses of sulfathiazole are 
given. Actually ill children receive 0.13 Gm. (2 grains) per 
pound, followed by a maintenance dose of 0,065 Gm. (1 grain) 
per pound. If the desired results are not obtained, the level of 
the drug in the blood should be checked, since it does not become 
optimal with this dose in some patients. A valuable addition to 
chemotherapy sometimes »s antibacterial serum. 
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Mastoiditis: If sulfonamide therapy is started before bone 
destruction occurs, there is a diminution in the duration of the 
disdiarge and a reduction in the frequency of mastoid opera* 
tions. Bowers^^ places this reduction at 50 per cent if therapy 
is adequate. He advises against chemotherapy after uncompli- 
cated mastoidectomy, but states that complicated mastoidectomy 
requires intensive chemotherapy. 

Maybaum et at believe that sulfonamide should be used 
cautiously if at all in acute otitis media, because it may obscure 
the clinical picture of the ensuing mastoiditis and give rise to 
a latent course of the disease with the possibility of dangerous 
complications. Their only use for the drug in otitis media is in 
such complications as meningitis, sinus thrombosis, and brain 
abscess. On the oUier hand, Hampseys® feels that in spite of its 
masking effect it sliould be used, because it tends to localize the 
infection and prevents s>8t€inic invasion by the infecting or- 
ganisms. Recent work indicates that sulfadiazine, sulfapyridine, 
and sulfathiazole are as effective as sulfanilamide in these infec- 
tions, various ivriters having a preference for one or another of 
the sulfonamides. 

Sulfadiazine was the sulfonamide of choice of Tucker and 
Flake38 in the management of a controlled series of mastoidec- 
tomy wounds. In 16 group A patients the wound of a complete 
simple mastoidectomy was closed without drainage with sulfa- 
diazine poured in, that of 15 group B patients was sutured with- 
out drainage, but the patients received sulfadiazine orally, and 
that of 15 group C patients was only drained. The hospitaliza- 
tion period for group A and B patients averaged around ten 
days. The wounds healed primarily and the tympanic membrane 
h'ss healed and drj’ at thh time. The wound oi only one group 
B patient broke down. Tlie group C patients had the usual 
prolonged convalescence, and their average hospital stay was 
21 days, as compared to 10 and 9 days, respectively, for groups 
A and B patients. 
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Peritonitis 

Primary peritonitis caused by the pneumococcus or the hemo- 
lytic streptococcus is not uncommon in infancy and has always 
had a very high mortality rate. Sulfonamide therapy is indi- 
cated in all of these cases, but there are differences of opinion 
as to the t.echnic of treatment. 

Alford^r favors early surgical drainage, follotved immediately 
by chemotherapy and specific antiserum in suitable cases. Den- 
zer,38 on the other hand, believes that surgery is contraindicated 
once the diagnosis is made and states: “Results of treatment 
with sulfanilamide without operation were far better than when 
operation sras performed and sulfanilamide was given subse- 
quently." 

Drugs of the sulfonamide group otJjer than sulfanilamide have 
not had wide usage in this condition, but it would seem that 
sulfadiazine would be effective since it is useful against both the 
pneumococcus and the hemolytic streptococcus. 

For the peritonitis complicating appendicitis, see the section 
on Appendicitis, p.nge 97. 

Pnettmonia 

M in pneumonia in adults, sulfonamide therapy has had a 
marked effect on the treatment of pneumonia in children. The 
mortality from pneumococcus pneumonia in children over two 
years of age has alwa>s been low, but sulfapyridine and sulfa- 
thiazole have caused a sharp drop in the already lo:v figure. 
Furthermore, as stated by Silverthorne, Brown, and Auger.^® 
chemotherapy has shortened the course of pneumococcus pneu- 
monia in this age group. 

The mortality from pneumococcus pneumonia in children 
under nvo years of age has been about four times that in the 
older group. Here sulfapyridine or sulfathiazole are even more 
urgently needed, for it is difficult to do sputum typing, the find- 
ing of several types of pneumococcus is common, and the ad- 
ministration of serum intras-enously is far from easy. 

In pneumonia complicating measles and whooping cough, 
Thompson and Greenfield*® report a marked reduction in its 
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incidence when sulfonamides are given in prophylaxis. Peters** 
also reports a reduction in monality of 80 per cent with sulfa- 
pjTidine, as compared with the experience of previous years 
in the bronchopneumonia complicating whooping cough. Sulfa- 
ihiaiole gave eSLcllenl results in the bronchopneumonia of 
whooping cough in a series of 71 children reported by Frank, 
Patton, and Hamilton . *2 The drug was given until average blood 
levels of 2 to 3 mg. per cent were reached. Four per cent of this 
group died and, of these, two were infants less tlian one year of 
age. In a previous study, Ityperimmtine .serum had been used 
in tlie treatment of 30 patients with a mortality rate of 20 per 
cent. In another group of IG {xiiients treated with sulfap^ridine 
the mortality rate had been 25 percent. 

Tabuk-I— Dosage OFStiLtAPYRiotNE for Infants and Cim.oRFN with 
Pneumococcal PNruMONiA 

Used iH 193S and 1939 by Darnelt, HoTtmaiin, Perley, and lltihoff 
(J A.M.d.H2:3ISJ939) 


Agt 1 

pau 

Inlftvd 

1 to 3 monihi 

0.15 Cm. 1 

Every 4 hotin 

6 monihs to t year 

0 3 Cm 

Every 4 hourt 

2 yean 

0 3 Cm. 1 

Every 3 hnurt 

5 >ear« 

0 6 Gm. 1 

Every 4 houm 

I2)ca« 

0.0 Gm. 

Every 4 hours 


Bulltlm ZU nil, Mrl Co ) 

Hheitmatic Fever 


Prophylaxis: There is no known method of active immuniza- 
tion against rheumatic fever comparable to smallpox vaccina- 
tion, nor is there any test of susceptibility like the Scliick test in 
diphtheria. However, Coburn and Moore** and Thomas and 
France**- have puhlhhevl thcvi estpesiesvee with sulfanilamide 
as a prophylactic measure against rheumatic fev er. 

Coburn and Moore found that if they gave the drug from 
November to June to rheumatic children they would be pro- 
tected against recurrences of the disease. 
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Thomas and France administered 1 to 1.3 Gm. (15 to 20 
grains) daily of sulfanilamide to 30 rheumatic children over 
14 years of age during the late fall, the ^v'inter, and the spring. 
Drug levels ranged from 1.0 to 5.5 mg. per 100 cc. of blood and 
toxic reactions rvere mild and infrequent. None of this group 
developed any hemolytic streptococcic infections nor a severe 
recurrence of the rheumatic fever. In a control group of 30 
patients, tvho did not receive sulfanilamide, there developed 
one severe hemolytic streptococcic infection, five major rheu- 
matic attacks, and three acute illnesses possibly of a rlieumatic 
nature. 

Treatment; Sulfonamide drugs are contraindicated during 
the acute phases of rheumatic fever since they commonly induce 
significant toxic reactions. Swift, Moen, and Hirst^s and Massell 
and Jones^® have published papers showing that not only are the 
incidence of toxic reactions from sulfanilamide high and the 
benefits negligible, but that frequently the drug makes the 
patient worse. 

Pyurfa 

Robbin,-*^ in a report of the treatment of 200 cases of pyuria 
in infants and children, states: "The advent of the sulfone com- 
pounds has revolutionized the treatment of acute pyuria and 
has greatly helped in the treatment of chronic pyuria. Sulfanil- 
amide rvas at first solely used. The dangers and contraindications 
to its use are rvell known. Suffice it to say that by its use in many 
cases of pyuria, e\en when the disease w^as discovered late, the 
urine was cleared and the clinical symptoms abated within 24 
hours. In \ery severe infections similar results were obtained 
in from four to seven days. Always, it may be stated, the abate- 
ment of the symptoms was dramatic. In the several instances in 
which the streptococcus fecalis rvas cultured, the pyuria did not 
respond to sulfanilamide, but rvas cleared by the use of mandelic 
acid. In all instances in w'hich sulfanilamide tvas given, the dose 
was one grain per each pound of rveight. One-quarter of the total 
was given as an initial dose, tire rest was divided so as to be given 
in equal amounts at fotir-hour inten'als during both day and 
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night. Originally, daily blood counts and difFerential stains were 
made of the white cells of the peripheral circulation, but at 
present only occasional counts, as the clinical condition indicates, 
are made. During the past year, sulfadiazine (2-sulfanilamido- 
pyrimidine) has replaced sulfanilamide as tlie drug of choice 
in pyuria. The dosage and manner of administration remain 
the same. 

Scarlet Tever 

Gordon, Solomon, and Pearlman^s made a comparison of the 
relative effectiveness of sulfanilamide and antitoxin in the treat- 
ment of scarlet fever on 680 patients. The patients were divided 
into mild and moderately ill groups, and each of these groups 
was subdivided into four parts, so that one series received no 
specific treatment, the second series received sulfanilamide, the 
third tvas given scarlet fever antitoxin, and the fourth had a 
combination of sulfanilamide and scarlet fever antitoxin. The 
sulfanilamide was administered in daily doses of one grain per 
pound of body svciglu until the temperature dropped to less 
than 37.8* C. (100* F.) , and then the dosage svas cut in half 
until the patient had been treated for two weeks in all. 

The scarlet fever antitoxin rvas given intramuscularly in doses 
of 9000 units and a small amount of adrenalin was injected at 
the same time. 

Sulfanilamide was more effective than the antitoxin in reduc- 
ing the incidence of complications, but the combination of sulfa- 
nilamide and antitoxin gave better results than either did alone. 
About 20 per cent of the patients receiving sulfanilamide de- 
veloped reactions, sv’hich consisted chiefly of rashes developing 
between the ninth and eleventh day after the treatment had been 
started. Only 3.6 per cent of the patients who received scarlet 
fever antitoxin alone developed serum sickness and this was mild 
in almost every instance. 

Top and Young*® compared sulfanilamide, convalescent 
serum, and scarlet fever antitoxin in a series of 390 patients with 
scarlet fever. These were divided into three groups, comparable 
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in respect to age, the season of the year in which they became 
ill, the stage of the disease, and the severity of the infection. Each 
group received one of the therapeutic agents being tested, the 
convalescent serum in one dose of 30 cc. intramuscularly, the 
antitoxin in one dose of 6000 units, and the sulfanilamide in 
doses varying wdth the weight of the patient. The effectiveness 
of the treatment was judged on the basis of the need for other 
medication, the number and sevcTity of complications, and the 
duration of the hospital stay. The patients receiving human 
convalescent serum seemed to make the best progress, but an 
analysis of the figures did not indicate significant differences 
which might not have arisen from chance alone. 

TonstVfiris 

Hopkins^o gave sulfanilamide or sulfapyridine to 49 patients 
with tonsillitis due to the hemolytic streptococcus without favor- 
able results. In fact, complications svere more frequent in the 
treated group than in those who did not receive the sulfonamides. 
Two patients undergoing treatment with sulfapyridine acquired 
streptococcic tonsillitis. Neither was the carrier state influenced 
by the drugs. Theoretically the sulfonamides should be effective 
in streptococcic tonsillitis, but apparently there are certain 
(actors entering into the problem which prevent favorable action. 
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CHOLERA 

Chopra el al^ report a marked decrease of mortality (C.38 per 
cent to 3.21 per cent) in cholera from the use of sulfaguanidine. 
In addition to this favorable result, they state that the patients 
receiving sulfaguanidine passed fesver stools per day and required 
less intravenous saline. 


Table 1-— The Comparative Value of Different Doses of Sulpa- 
cuANioiNE Combined with Hypertonic Saline on the One 
Hand and Saline Therapy on the Other Hand 
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On the other hand, Carrtithers® states: "It may be concluded 
that sulfaguanidinc has no demonstrated tuliie in the treatment 
of cholera,” 
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COLONIC SURGERY 

Poth* reports on the use of siiccinylsnlfathiazole preopera- 
lively and postoperatively in surgery of the large bou’el in 250 
patients. The coliform bacterial population of feces, he says, 
normally varies between 1.000,000 and 100,000,000 per Gram 
of wet stools. TJie number of gram-negative and gram-positive 
flora is roughly equal and usually varies from 100,000,000 to 10,* 
000,000,000 organisms per gram of wet feces. When succinyl- 
sulfatliiazole is administered in effective therapeutic doses, the 
gram-positive and gram-negative organisms decrease in number 
at approximately the same logarithmic rate for a few days until 
the gram-positive population becomes constant. The number 
of gram-positive bacteria continues to fall. The latter dectease 
is not due solely to the change in the number of coliform or- 
ganisms (Chart 1) . Tlie baaeriologlc jdentiRciiion of the dif- 
ferent organisms making up these groups Ims not been practical 
because of the many different varieties of bacteria involved. 

Proof is cited that succinylsulfathiarole has bactericidal as 
well as bacteriostatic action against Escherichia coli (Chart 2) . 

The author gives the following preoperative preparation to 
all patients svhose intestine is not completely obstructed and 
who require operations on the latge bowel: The patient is put 
on a low residue diet and receives succinylsulfathiazole in a 
dosage of 0.5 Gm. per kg. of body weight during the first day 
and 0.25 Gm. per kg. thereafter, dtvidctl into six equal doses 
and administered at fottr-honr intervals. No enemas or purga- 
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lives are given. Usually in the course oE three to seven days the 
stools will become small in bulk, semifluid, and relatively odor- 
less. A bacteriologic examination of the feces rvill show the 
bacterial flora to be significantly altered. By now the patient's 
abdomen is flat and the bowel is free from gross fecal material 
or gas. 



(Potli. E.]. i 

Chart I — Alteration of the bacterial flora in the l»wel foljowing the ad- 
mioisctatioa of succioyjjulfathiaiole. Before therapy is begua in this instance 
the total gram-positive and granMiegative organisms each number approxi* 
mately lOn and the Escherichia colt number about 10®. Thus the total gtam- 
negative organisms initially exceed the number of Escherichia coli by prac- 
tically ion, while after 15 days of treatment the difference Is roughly a 
thousand. Also the total pram-^itive organisms surviving after therapy are 
only one-aiillioath of their ori^nal number. 

Experience has demonstrated that when the Escherichia coli 
count has dropped to 1000 and the other significant alterations 
in the feces have taken place, the bowel is properly prepared for 
operation. If, however, distention continues, the feces do not 
change their physical characteristics and the bacterial flora is 
not altered, the boivel is not properly prepared for operation. 
The usual causes for failure are intractable diarrhea and the 
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administration of liquid pcirolaumt. The diarrliea can usually 
be controlled rviilv opiates and liquid petrolatum should be witlt- 
held. Attention is directed to the fact that opiates given to con- 
trol a severe diarrhea will not cause an accumulation of fecal 
material while the patient is on a low residue diet and is receiv- 
ing therapeutic doses of sucdnylsulfathiazole. This regimen of 
preoperaiive treatment has always resulted in a dean bowel, 



Qjan 2— Action of sucda}l)ulf 2 (hiairole in an isolated loop of the descend- 
ing colon of the doR. Five Cm. of succin}Isulf3ihia*ole introduced into the 
segment of bowel at the time of operation teduced the number of coliform 
oritanisms to zeto tn two weeks and could t>ot be tecoveted ajaio during the 
course of the cxperimetit. Solid drug was alwa}s present in the loop to indicate 
that the drug is slowl) absorbed from the colon. E J J A M /i ) 


aud it Im not beeu necessary to abandon a planned operative 
procedure because of an unsatisfactorily prepared colon. This 
regimen has the advanmge of causing no dehydration of the 
patient just prior to operation as well as remoring the hulk of 
pathogenic bacteria. 

The 50 patients in Table I received succinylsvtlfathiazole 
preoperatively until ilie stools were semifluid, small in bulk, and 
relatively odorless, and tlie coliform bacteria were reduced to 
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Chare 3 — The use of a plau'nuni loop which will tnosfer approxioiacelf 
001 Cm oE teal matter to streak a desox^cholate agar plate u sufTicientl) 
accurate to Indiaie when the baaerial flora have been sigoificantly altered. 
Example: X^eo the colifonit count has t>eea reduced to 1000, the colony 
count oa the streaked plate will vary from 5 to 15. (Poth, £. J.: ).A M.A) 


Table 1 — Patients Grouped According to Condition 


Condition 1 

Patients 

Carcinoma of right colon. . ... | 

1 

Carcinoma of irajisverse colon. . . . | 

3 

Carcinoma of left colon 

26 

Fecal fistulas involving colon. . . . 

6 

Chronic volvulus sigmoid ..... 

1 

Diverticulitis of colon 

2 

Lesions of urinary bladder (transplantation of ureters into bowel) 

3 

Rectovwical fistula. .. . 

2 

Total 

50 


(Poth. E. /. A.M.A) 
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Chiit 4— L«flpth o( tu<cifl>Uutfathiaio!« therapy rtqwlttd to effect a slgoifi- 
cane alceraiion of the bacterial flora In the bowel. The seven per cent of cases 
requiring more than seven days include those cases which present special 
citcunsunces unfat orable to the acitoti of the dnig as well as those instances 
which fail to give a satisfactory response. (Poth. E. J : /. A. M A.) 

Table 2 — Operativc 1*rocfi>ures In\'OLvinc the Large Botv'EL and 
p£RroRMci> ON I’atifnts Rfceiving Preoperative and 

POSTOPERATltE TKEAT»fE.VT WITH 
Soccinylsiiltathiazole 


OpfTotlm 

Xumier 
ef Ctuet 

Abdominal-perineal resection (Miles) 

16 

Resection of sigmoid, pnmary anastomosis 

14 

Resection carcinoma of transverse colon, printacy anastomosis 

3 

Resection of cecum, ascending colon, iicocolostomy. . . 

7 

Resection of fccal fistula 

6 

Ureterosigmoidoscopy 


Repair of rectovaginal fistula 

1 
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1000 or less per gram of wet feces- The drug U’as administered 
posioperatively as soon as the patient tolerated 30 cc. of svarm 
water by mouth and was continued as long as 12 da)s in those 
instances in svhich primary suture of the bo^vel had been done. 

The postoperative course of these patients as a group was 
unusually smooth. Some of the patients had moderate gaseous 
distention, but troublesome, extensive abdominal distention did 
not occur and gas pains were ordinarily mild and of short dura- 
tion. Although many of the intestinal anastomoses were per- 
formed by the open technic, postoperative peritonitis and deep 
abscess formation did not occur tvith one possible exception 
when, following the second stage of a difficult ureterosigmoidos- 
tomy, extravasated material gave the alpha Streptococcus fecalis. 
Escherichia coU was absent. 

Toxic reactions coincident with the administration of suc- 
cinylsulfathiazole are infrequent and mild. An occasional indi- 
vidual may complain of dizziness, headache, or loss of appetite. 
Hematuria, hemocytologic changes, and crystals of the drug in 
the urine have not been observed. With a single exception hyper- 
pyrexia, vomiting, and erythema have not occurred. 

REFER£NCE 

1. PoTH, E. J.: J. A. M. A. 120 265 (Sept. 26) 1942. 


COMMON COLD 

Internal medication with the sulfonamides is without value 
in the common cold, although there have been reports on the 
favorable influence of the sulfonamides on the nasal mucosa 
when applied locally. (See Nasal Therapy, page 253.) A recent 
tendency has been to give a sulfonamide in the common cold as 
a prophylaxis against pneumonia. Since the incidence of pneu- 
monia arising from a common cold is only about 1 in 1000, it is 
scarcely good medical practice to subject so many persons to the 
dangers of drug sensitivity and toxicity for the rather rarely 
developing pneumonia. Furthermore, in the 0.1 per cent of 
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patients with colds u’ho desclop pneumonia many of them may 
have a virus pneumonia, against which the sulfonamides are use- 
less, or a staphylococcic or hemolytic streptococcic pneumonia, 
against tv’hich the value of the sulfonamides is not fully proved. 
(See Res{>iralory Tract Infections, page 261.) 

o- 

CONJUNCTIVITIS 
See page 26 ^ 


DACRYOCYSTITIS 
See page 261 


DERMATITIS HERPETIFORMIS 
See page rjr 


DERMATOLOGY 
Topical Sulfonatnide Therapy 
"Although the topical application of the sulfonamides proved 
to be definitely superior in the treatment of pyogenic skin con- 
ditions as compared with the older methods," sa)s Strakosch and 
Clark,* "it nerertheless often falls short of our expectations and 
sometimes fails completely.” Best results were obtained by these 
authors in very superficial pyogenic infections, such as impetigo 
contagiosa. Sometimes the topical application of sulfonamides 
aggravates the skin condition, some of these aggravations being 
due to the use of the sodium salts of sulfathiazole and sulfa- 
diazine, rv'hich can cause cliemical bums due to their strong 
alkalinity (pH 9 to 10 concentrations of one to ten per cent) . 

Failures from topical sulfonamide therapy also occurred even 
when the proper sulfonamide in its proper form was used. In 
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TxBtx 2 — Nummary of 261 Patients 'I^ieated with the Sulfona- 
srfDEs ry tke Dermatologic IPards at Beuxvue Hospital 
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these cases the skin lesions svere either heavily crusted or there 
ivas an abundance of necrotic tissue and pus. 

To overcome the lack of efficacy of the sulfonamides when 
applied locally in pustular skin lesions the authors used a powder 
consisting of urea 90 per cent and sulfanilamide 10 per cent. 
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Table 3 — Summary of Toxic Manifestations in 196 Patients 
TR i:^\TrD wmt Sultatiiuzole in the Dermatologic 
Wards at Bellevue Hospital 
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Tile high percentage of urea in this mixture mechanically re* 
moves sulfonamide inhibitors present in the lesions (Marshall^) 
by its peptizing and hjperemic action. Also, the strong urea 
increases the solubility of the sulfonaoiides, as has been pointed 
out by Sobin,3 and cleans the wounds by its solvent action on 
necrotic tissue. 

Costello, Rubinowitz, and Landy* report on 261 patients 
treated with sulfonamide drugs in the dermatologic wards at 
Bellevue Hospital, New York City, 221 of the patients receiving 
the drugs orally. Sulfathiazole wtis administered in 196 cases, 
sulfanilamide in 8. sulfadiazine in 9, sulfaguanidine in 5, sulfa- 
pyridine in 3, 12 patients recehed local applications of sulfa- 
thiazole poivder, 18 received sulfathiazole ointment, and 10 
received sulfathiazole orally plus sulfathiazole powder or oint- 
ment locally. About 29 different dermatological conditions tvere 
treated. 
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TABtE 4 — Typzs OF Dirmatitis Following Oral Sulfatiiiazole 
Therapy in 196 Patients os the Dermatologic 
■^Vards at Bellevue Hospital 


Erythema nodosum (SulfadiaMJW, J) , , . . 5 

Urticaria — later becoming purpune ... . .3 

Scarlatifonn or erythematous . . . . ... 6 

Papular . .... .2 

Papulovesicular. ... 1 

Papulopustular— ^cneform . . 1 

Angioneurotic edema 3 

Total. . ..21 


Assodated with thermic reaction, 16 times. 

(CosttUo, M. J. , RobiaoDiR, A M . ind Lindy. S. E . N. Y. Sratt J. M.) 


Dosage: The high dosage of sulfonamides so often necessary 
in many diseases are seldom essential in dermatologic lesions. 
Usually a dosage of 1 Gm. orally four or five times a day at four- 
hour inteiT’als is sufficient. However, in cases of severe infec- 
tion, one should give an initial large dose and then continue 
the drug at a sufficient dosage to maintain a high blood level. 

Scope of Sulfonamide Therapy in Dermatology 

BrunstingS gives the following information on sulfonamide 
therapy in dermatology: 

Eiysipclas, Cellulitis, Lymphangitis, and Erysipeloid: It is 
generally agreed that these drugs are of distinct value in the 
treatment of erysipelas. When the infection is localized, roentgen 
therapy alone is adequate; in cases in which the patients are 
infants and young children, ultraviolet irradiation is employed. 
In extensive eiysipelas, if the patient is a debilitated or elderly 
person and the prognosis is naturally guarded, we prefer to com- 
bine roentgen therapy and chemotherapy. 

Localized streptococcic infections, such as cellulitis and lymph- 
angitis, are favorably influenced by vigorous therapy ivith sulfa- 
nilamide or sulfathiazole. Lymphangitis of the legs is not infre- 
quently a sequel to dermatoph)tosis of the feet, and in such cases 
the use of the sulfonamide drugs is helpful in the control of the 
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febrile episode. In cases of recurrent regional lymphangitis of 
the face, ears, genitalia, and extremities, in which lymphedema 
develops frequently after repeated attacks, we have confirmed 
Mercer's obser\'aiion that these drugs shorten the period of re- 
covery and, in some instances, interrupt the cycle of recurrences. 

Sulfanilamide has been used successfully in the treatment of 
erysipeloid of Rosenbach, an occupational infection of the hands 
of butchers and other handlers of meat and fish. 

Pemphigus: The test of true pemphigus is its fatal termina- 
tion. The prognosis has not been changed by the introduction 
of sulfanilamide and its derivatives. There arc borderline cases 
in which the involvement is limited to the eyes and mouth, and 
other cases in whicli the dise-ase eventually proves to be erythema 
raultiforme or dermatitis herpetiformis. It probably is in this 
group that the administration of these drugs occasionally proves 
beneficial. Lynch reported favorably on the influence of sulfa- 
thiazole in benign familial pemphigus. Wc have administered 
Intensive doses of various sulfonamide drugs in four cases of 
pemphigus vulgaris the past two years. Two of the patients are 
dead and the others are failing rapidly. In two cases of pemphigus 
vegetans we noted that the affected sites were cleared by a com- 
bination of local and systemic treatment, but there ivas a gradual 
recurrence despite intermittent therapy. 

Lupus Lrythematosus: There are conflicting reports as to the 
value of these drugs in cases of lupus erythematosus. In the 
treatment of the discoid type. Barber noted a peculiar febrile 
reaction after the administration of small doses of sulfanilamide. 
He obsers’ed a focal flare of the lesions and a surprising degree 
of improvement under continued treatment. Other reports have 
been less optimistic. Our experience with this treatment in 
cases of discoid lupus erythematosus is limited, but we have not 
noted any benefit. 

Disseminated lupus ery’thematosus is invariably a disease of 
grave prognosis and there is little evidence to show that its ulti- 
mate course can be affected by the available sulfonamide com- 
pounds. There are reports of clinical improvement and even of 
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prolonged remission under such treatment, but, for the most 
part, these concern the disseminated discoid phase of the disease. 
There is no fixed line of distinction between the acute and sub- 
acute stages of disseminated lupus erythematosus. An outstand- 
ing characteristic of both conditions is the extreme degree of 
reactivity of the patient to minor trauma and operation, infec- 
tions, sunlight, blood transfusions, and medicaments. In the past 
three years, seven of our patients, two men and five rvomen, re- 
ceived sulfanilamide and allied compounds in the course of 
treatment of subacute disseminated lupus erythematosus. There 
svas no benefit that could be ascribed to the drugs and four of 
the women have since died. There was an unusually high inci- 
dence of untoward reactions to the treatment. Cutaneous lesions 
flared and became rvidespread in one case; ulcerative stomatitis 
and vulvitis appeared in another. In a third case vomiting and 
transient jaundice occurred. In another case, increased anemia 
and leukopenia developed and edema of the ankles and oliguria 
were observed. Finally, in a case in which the disease was in the 
acute phase, gross hematuria developed after sulfapyridine had 
been administered Cor four days for a complicating terminal 
pneumonia. An accumulation of such experience tends to pro- 
mote an attitude of conservatism and a respect for the disease. 
Some believe that there is sufficient merit in the treatment to 
warrant further trial. Perhaps the use of sulfadiazine, which is 
relatively nontoxic, can be applied with caution in selected cases. 

Pyoderma Gangrenosum: In chronic ulcerative colitis there 
is invariably a marked degree of debility and, therefore, sup- 
portive measures, such as blood transfusions, supplementary 
vitamins, r-accjnes, and arsenic, usually are indicated. In addi- 
tion, in selected cases appreciable benefit results from the ju- 
dicious use of azosulfamide or sulfaguanidine, the ttvo drugs 
that are best tolerated in this disease. We used this treatment 
in 12 cases in which pyoderma gangrenosum occurred as a com- 
plication of chronic ulcerative colitis. In two cases the cutaneous 
lesions were in the vegetative stage; in the other cases there svas 
one or more typical boggy ulcers of the skin. As a rule, the 
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response ot the cutaneous lesions thus parallel to the degree ot 
activity of the colitis and the general health. In six cases we 
noted beneficial results that could be attributed to the sulfon- 
amide drugs; in four cases the effects svere slow and irregular; 
in two cases, after temporary improvement, there was a decline 
in general health and the administration of the drugs was dis- 
continued because of indigestion. Weiner reported remarkable 
response to prolonged sulfanilamide therapy in one case of ex- 
tensive pyoderma gangrenosum and colitis. Likewise, Cipollaro 
observed benefit from sulfanilamide in a case in which similar 
lesions followed mastoiditis .and cellulitis of tite check. 

Hidradenitis Siippiirnttva: This condition is commoner than 
is generally appreciated. It is essentially a form of pjoderma 
with predilection for certain regions of the body, the axillae or 
genitalia, where apocrine glands are abundant and actise. 
Lesions may appear as decpse.ated furuncles or as irregular, 
nodular abscesses with communicating fistnlous tracts. I believe 
that dissecting cellulitis of the scalp is a pan of the process. 
Frequently in the same case there is involvement of the scalp,' 
axillae, inguinal folds, pubis, genitalia, perineum, and the peri- 
anal region, and there also may he signs of deep-seated acne of 
the face, nuchal region, and trunk. In many cases the patients 
are obese and have an oily sUn. Tliere may he jnultiple c>stic 
abscesses of ibc lower half of the breasts if the patient is a woman. 
Cellulitis and lymphangitis with ulceration and systemic reaction 
are not uncommon. 

The treatment of hidradenitis supptirativa consists of a com- 
bination of suitable diet, scruptilous local hygiene, drainage of 
abscesses, and removal of comedones, roentgen therapy, suigical 
excision of localised plaques of infection, and the administration 
of sulfanilamide, sulfathiazole, or sulfadiazine in sizable doses 
in repeated courses according to indications. The sulfonamide 
drugs are of particular value tvhen used locally and systemically 
in cases of progressive ulceration and infiammatory reaction and 
in cases of dissecting cellulitis of the scalp. 
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Keratoderma Blennorrhagicum: Sulfathiazole is the drug of 
choice in the treatment of gonorrhea. In the rare instances in 
which crusted keratoderma and polyarthritis are associated, the 
use of the drug alone is not stifficient. I agree tvith Combes that 
the concurrent use of fever therapy in such cases is an indis- 
pensable aid to recover^'. In two cases in rvhich keratoderma 
blennorrhagicum was associated with extensive destructive poly- 
arthritis and pronounced debility, fever therapy and the pro- 
longed administration of large doses of sulfathiazole proved 
beneficial. In both instances additional supportive measures 
were needed during the long period of hospital care. 

Dermatomyositis: Sulfanilamide was administered, in the 
course of other treatment, in four cases of dermatomyositis. 
There was no improvement that could be attributed to the drug, 
but a further trial is indicated, especially in the early stages of 
the disease. 

Erythema Nodosum; Sulfanilamide and azosulfamide were 
given in adequate doses to four patients who had erythema 
nodosum, but no benefit was produced. 

Erythema Multiforme: In four cases of this condition we 
have obser\ed an irregular response to treatment with sulfanil- 
amide. Recurrences are not prevented, but when the drug is 
administered at the onset of symptoms the clinical courseseems 
to be shortened. Inonecasethedrugdidnotproduceanybenefit. 
In another case, in which the patient u-as a tvoman, aged 23 
years, who had had four reaurent attacks in the preceding two 
years, we noted a fa\orable response to treatment during an 
acute attack. Following this, several infected teeth were removed 
and. with one slight exception, there has been no recurrence in 
28 months. The cause of recurrent erythema muUiforme bullo- 
sum is obscure. After a thorough search for suspicious foci of 
infection, cautious use of sulfonamide treatment seems war- 
ranted empirically. 

Dermatitis Herpetiformis; Any contribution to the control 
of this erratic and stubborn disorder is more than tvelcome. Sur- 
prising benefit has been reported in a Fcav cases of chronic der- 
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matitis herpetiformis by the administration of sulfapyridine. 
Costello obser\’ed one case in which the disease remained in 
remission for many months after treatment with sulfapyTidine. 
and Cornbleet and Rattner reported two cases in which such 
treatment proved beneficial. 

During the past two years we have administered sulfapyridine 
empirically in a series of cases of dermatitis herpetiformis and 
can attest the brilliant therapeutic effect of the drug almost with- 
out exception, but, unfortunately, the results are not permanent 
and the benefits subside soon after the drug is eliminated from 
the system. In moderate dosage, beginning with 2 to .1 Gm. 
daily for three or four days, then I Gm. daily for a week, and 
then of 1 Gm. daily intermittently, the drug is well tolerated 
and we have observed no untoward reactions. One patient was 
a child, aged three years, with symptoms of four months’ dura- 
tion. The others were adults with chronic dermatitis herpeti- 
formis, some of them with signs of arsenism. In a few instances 
it has been possible to use the administration of sulfapyridine 
as a therapeutic test in eliminating the possibility of dermatitis 
herpetiformis where the clinical picture piesented the confusing 
combination of this disease with erythema multiforme and 
pemphigus. Sulfapyridine penetrates the nenous system to a 
greater degree than do the other sulfonamide preparations, but 
there is no rational explanation for its apparent specific pallia- 
tive action in dermatitis herpetiformis. If treatment with'this 
drug is to be carried out intermittently o\er a period of time, 
the patient should be under close obscrv’ation and ibc blood 
and urine should be examined frequently. Sulfanilamide is 
sometimes useful, but it appears to be of less value than sulfa- 
pyridine in dermatitis herpetiformis. 

In one case of long-standing urticaria perstans, in which the 
patient was a young woman, and in which the configuration of 
the lesions at times resembled that of dermatitis herpetiformis, 
complete relief followed the useofsulfaguanidine after the other 
sulfonamide drugs had been tried without benefit. 
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Pyoderma, Furuncle, and Carbuncle: IVe have not felt justi- 
fied in the use of sulfanilamide sj'stemically in cases of solitary 
abscesses or furuncles, but, otxasionally, in the presence of lai^e 
carbuncles the oral administration of the sulfonamide drugs and 
the local application of powdered sulfathiazole to open Avounds 
have produced considerable benefit. In cases of extensive furun- 
culosis, especially in the presence of diabetes, such treatment is 
worthy of consideration. 

Certain pyogenic burrowing ulcers are benefited by the oral 
administration of sulfanilamide or sulfathiazole, and the local 
implantation alternately of powdered sulfathiazole and zinc 
peroxide. 

Pyogenic Dermatosis: In some instances of extensive, in- 
capacitating infectious dermatosis, the pyogenic element can 
often be controlled by the judicious combination of internal and 
topical therapy with sulfanilamide and sulfathiazole. In cases 
in which the affection is localized it is best to use topical measures 
alone. Our results in the treatment of recalcitrant pustular erup- 
tions of the hands and feet have been disappointing. In the rare 
acrodermatitis of Hallopeau, preliminary reports indicate that 
such treatment should be given a thorough trial. 

Impetigo Contagiosa: Peterkin and Jones® state that the effect 
of local sulfanilamide and sulfapyTidine therapy in impetigo is 
sometimes striking but often disappointing. Sulfathiazole is the 
drug of choice. The svTiiers used the drug in a svater miscible 
cream or a starch and zinc oxide paste. Results obtained with a 
five per cent concentration were better than those with 2.5 per 
cent and compared favorably svith results from ten per cent con- 
centration. 

Harris'^ used a new physical form of sulfathiazole, a 20 per 
cent suspension of microcrysialline sulfathiazole. The author 
reports that a single application of this nesv physical form of 
sulfathiazole cured the lesions within a day and stopped the 
spread of the disease. 

Pijoan et al.® used a water-soluble plastic (methylcelJuJose, 
methocel) and sulfadiazine preparations for bacteriostaticpiastic 
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films in impetigo. After cleansing the scabs Kith cotton soaked 
in hydrogen peroxide, as much as possible ivas removed uithout 
unnecessaiy trauma to the infected skin area. Tincture of sulfa- 
di.i 2 ine-metIiocel (solution I) was then applied with a cotton 
applicator while the surface tras still moist. This may be re- 
peated several times until the entire area is thoroughly impreg- 
nated. Next sulfadiazine-metliocel jelly (solution II) was ap- 
plied to the entire area to make a coating 0.5 mm. in thickness. 
This tvill dry ivithin three to five minutes and form a neiv film 
over tlie lesion. As a rule, one treatment is siiflicient. The 
debridement should be done cautiously, since tiauma might 
induce scar formation with possible disfigurement, but the more 
completely it is done the more satisfactory are the results. 

Shin Reactions io Sulfonamide 

Shaffer, Lentz, and hfcGuire® point out that sulfathtazole as a 
local application is capable of causing cutaneous sensitization, 
which sensitization may manifest itself as a local contact type 
dermatitis with or without a disseminate eruption, or it may 
appear as a local or generalized exacerbation of the dermatitis 
for which that patient is being treated. Sulfaihiazole sensitiza- 
tion induced by local cutaneous application may at times be 
elicited by oral administration of the drug. The original local 
sensitizing exposure to the sulfaihiazole may or may not have 
resulted in local dennatitis. The eruption precipitated hy the 
ingestion of sulfaihiazole tends to begin and to be most severe 
at the sites where the sulfathiazole is applied locally, although 
it may later disseminate widely. Here again it may mimic the 
eruption for which the patient is being treated. It seems likely 
that pronounced pyogenic sensitivity, especially to the staphylo- 
coccvis, is important as a predisposing factor in many of these 
eruptions. 

The authors cite the follouing four cases of sulfathiazole 
dermatitis: 

Case 1: E. H., a housewife aged 28, white, on November 5, 
1941, presented on the right hand a chronic, scaling, fissured ami 
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patchy dermatitis localized to the palm and thenar eminence, and 
also an acute t esiculopapular dermatitis on the paronychial 
regions of several fingers. This condition had been present 
recurrently since an attack of “athlete's foot” four and one-half 
years before. 

Appropriate clinical, laboratory, allergic, and roentgenologic 
studies revealed no abnormalities or evidence of foci of infection. 
Scrapings and cultures for fungi were negative. Several bacterio- 
logic studies of the skin showed consistently pure cultures of 
hemolytic Staphylococcus aureus. 



tig. l—Caie 1. Acute deimaiith precipitated hy tbe ingertioo of sulfatbla- 
2 ole: piltoaty seositizatioa appeared a« an exacerbation of the patient’s 
original eruption due to sulfaihtarole. 

(Shaffer, lenu. lad ^(cGuue. J, A M. A ) 


For three weekly intervals the patient was treated with x-rays 
(63 roentgens) , sulfathiazole five per cent in cholesterinated 
petrolatum and staphylococtnis ambotoxoid. The latter tvas in- 
jected intracutaneously in a dosage of 0.1 cc. of a hlO dilution. 
This resulted in tuberculin type reactions averaging 5 by 5 cm. 

On the second week the eruption was a little worse, but when 
observed after the third week the process had became very acute 
and involved the left hand as svell as the wrist on the right side. 
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All active treatment was stopped. The eruption showed 
gradual improvement, so that after two months (January 27, 
1942) it finally subsided to its original degree of activity. 

Subsequent attempts to desensitize the patient to ambotoxoid 
in dilutions of 1:1000 and later of 1:10,000 tvere each followed 
by increased activity of the process. After it was determined 
finally that a dilution of 1 :20,000 could be well tolerated, increas- 
ing concentrations were injected. When the dilution of 1:2500 
was reached, however, a flare-up in the eruption appeared, so 
that after two sucli attempts ambotoxoid therapy was stopped 
permanently. 

One week later sulfathiazole W’as prescribed for oral adminis- 
tration in a dosage of 1 Gm. every six hours. After the first dose 
the patient noticed stinging, burning, increased redness, tense- 
ness, and ssvelling of both hands. Following a second dose the 
condition became greatly aggravated (Fig. 1) . At the end of 12 
hoiin an intensely pruritic and widespread papular and urticarial 
eruption had appeared on the face, neck, and upper extremities. 
Three days later the disseminate eruption had disappeared, but 
it took six weeks (May 5) for the local process on the hands to 
subside. Mistaking the sulfathiazole ointment for another prepa- 
ration, the patient applied this salve to her hands on May 5. 
^Vithin 24 hours an explosive generalized eruption developed 
resembling, but much more severe than, ilie condition following 
the oral sulfathiazole. Approximately 40 per cent of the scalp 
hair was lost and vesicular and bullous lesions were present on 
the hands and feet. The eruption subsided only after four months 
of palliative treatment. 

Case 2: W. W., a Negro youth aged 21, was treated recur- 
rently from August 2, 19S8, to September 3, 1040, for a relapsing, 
crusted, oozing, purulent eruption involving the scalp and ears 
This condition was diagnosed as staphylodermia and repeated 
studies showed pure cultures of hemolj tic Staph) lococcus aureus. 

On September 14, 1940, he was admitted to the University 
Hospiuil because a widespread vesiadopurulent eruption had 
developed. One week later he was given sulfanilamide orally 
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(2.6 Gm. a day for six days) . Because of inadequate response, 
sulfathiazole ivas tlien administered. After eiglit days on a dosage 
of 3 Gm. a day the eruption disappeared completely. 

On October 24, three days after an initial injection of staphylo- 
coccus ambotoxoid, a violent vesiculopustular eruption ap- 
peared on the bearded region, scalp and ears. With high dilu- 



Fig. 2— Case 2. Pemphigoid eniption followiog ibe oral administration of 
a single ubiet (0.5 Gm.) of sulfathtazole. The patient's original allergic 
response to the drug followed its local application. 

(Sbsecr. Uoli, and (IcGuire / A. M. A ) 

tions of the ambotoxoid attempts were made to desensitize the 
patient but with no beneficial effect. 

On December 13 he was given an ointment containing one 
per cent sulfathiazole. The eruption became aggravated almost 
immediately, and within three days a generalized vesiculo- 
pustular and bullous eruption was present. As the basis of this 
eruption \vas not recognized and also because of his satisfactory 
response to sulfathiazole orally on his previous admission, this 
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drug was again administered on January G, 1941, in a dosage of 
0.5 Gm. every six hours. Tlwt day liis temperature rose to 
102.6" F. Four days later he complained of acute colicky pains 
in the upper pai t of the abdomen and nattsea. Sulfatluazole was 
stopped. The symptoms disappeared svithin 24 hours and the 
temperature fell to normal the next day. The eruption slowly, 
over a period of three weeks, disappeared (February 3) . 

Because some activity \vas noted on tlie scalp a few days later 
he was given an ointment containing five per cent sulfathiazole. 
Again the process flared up and became more extensive. 

On September 14 the patient visited a private physician, who 
gave him some sulfathiazole tablets. The abdominal symptoms, 
the rise of temperature, and the generalized bullous eruption 
recurred within 24 hours. For a period of three months he was 
Heated at another hospital before recovery ensued. 

On August 7, 1942, he was admitted to the University Hos- 
pital because a fairly ividespread vesiculopurulent eruption bad 
again developed. 

The next day he svas given a single tablet (0.5 Gm.) of sulfa- 
thiazole orally. IVithin one-half hour his temperature rose to 
103* F., the abdominal pains appe.ired, and a generalized p.apu- 
hr and urticarial eruption was present. Twenty-four hours later 
many of these lesions had become bullous and hemorrhagic 
(Fig. 2) , and conjunctivitis, erosive stomatitis, gingivitis, and 
pharyngitis were present. After one week improvement began. 
Four months later tlie eruption had disappeared and the patient 
u’as discharged. Repeated cultures of the lesions ^vith rare excep- 
tions were reported as pure groivths of hemolytic Staphylococcus 
aureus. 

Case 3: J. D., a white man aged 27, had an eruption on the 

himself to the clinic of the department of dermatology and 
syphilology on May 18, 1942, because two weeks previously the 
process had flared up once more, this time involving also the 
forearms. 
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Examination revealed an acute, difEuse, weeping dermatitis 
on the sites mentioned. This rvas diagnosed as contact derma- 
titis with secondary pyogenic infection. Treatment was started 
with an ointment consisting of sulhtthiazole six per cent, ich- 
thammol three per cent in zinc oxide ointment. 



Fig. 3 — Case 3. Widely dlsseoiioaie enipcion evoked by oral sulfathiazole 
medicatioo. This eruption appeared five days alter the original contact with 
sulfathiazole in the form of an oiotment. 

(ShaSw. Lratt. tsd McOuire* /. A M. A ) 

No improvement was noted two days later. Sulfathiazole 
orally, 1 Gm. every six hours, was prescribed and he tvas given 
an intracutaneous injection of staphylococcus ambotoxoid 0.1 cc. 
of a 1:1000 dilution. A few hours after the first dose of sulfa- 
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thiazole the eniption became somewliatmore active. After three 
days of this medication it had become generally disseminated 
(Fig. 3) and was associatetl with conjunctivitis and a tempera- 
ture of 101.4* F. 

Sulfathiazole was slopped. Two days later improvement began 
and within twosveekshe waswell (June 10) . 



a stilftthiuoie lotion had Ikco applied previously. 

(Siiiffcr, tenit, isd MtCuiK' J A fit A ) 

Case 4: C. G., a white boy aged 16, on April 30, 1942. com- 
plained of a pustular type of acne vulgaris involving the face, 
back, and upper part of the chest. He was treated over these 
regions by means of x-ra)s (50 roentgens, unniiered, 85 kv. peak, 
5 mm., anode-skin distance 12 indies) at intervals of 7 to 14 days. 
By September 30 he had received a total of 750 roentgens and 
the eruption had disappeared almost entirely. Local medication 
had consisted only of a lotion containing sulfathiazole three per 
cent, and sulfur three per cent, which he applied to his face but 
not to the remainder of the eruption, by means of a moistened 
piece of cotton held in cither hand. 
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Six weeks after the use of the lotion tvas begun a dermatitis 
appeared on the face and hands. He stopped using the lotion, 
and the eruption disappeared within one tveek. Sereral days 
later he again applied the preparation, and a prompt recurrence 
of the dermatitis followed. Following subsidence of this condi- 
tion the same lotion was prescribed, but with the omission of 
the sulfathiazole. He w’as able to use this preparation without 
ill effect. 



(V»I{aJ, J. £, ; Itr'ia. R O , O'Nnl. H. B.: "Cv»arou> tnd CcaiaJictiul MtwStt- 
Utiou oi SattaibiiMU letoiKttiea," /. A. At. A.) 

Fig. S>-NoduUr rash with purpuric bare. 

On October 7 the patient's home physician prescribed sulfa- 
thiazole tablets for oral administration because the patient com- 
plained of a sore throat. Within 2i hours, after he had taken 
four tablets, acute redness and swelling of the face developed. 
This was accompanied by a prompt and pronounced pustular 
exacerbation of the acne on the face only. The other sites of the 
preexisting acne were not affected. The temperature rose to 
101® F., but dropped to normal the next day after the drug had 
been discontinued. Five days later the dermatitis rvas about 50 
per cent belter and the acneform flare-up had begun to subside 
(Fig- 4) . 
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CHEMOTHERAPY IN DIABETES MELLITUS 
Diabetic acidosis has been reported on several occasions as a 
complication of cliemoiherapy in diabetic patients. Southworih* 
reported on acidosis associated with the administration of pron- 
tylin. Beardwood and Rouse* attributed three cases of diabetic 
acidosis to the administration of sulfanilamide. Lest this might 
make the physician hesitant to prescribe the sulfonamides to 
diabetic patients, it is interesting to note that Styron el al? 
report the use of sulfadiazine and sulfathiazole in more than 
100 diabetic patients for s-arious infections in a period of one 
year svithoui encountering the complication of acidosis. The 
patients ranged in age from 7 to 86 years and the duration of 
the diabetes from 1 month to 33 years. 


Tabi e 1— Results of Treatment or 100 Diabetic Patients wmi 

Sui>'ADIAZINE AND SuLFATIIlAZOLE 


Biagtiflsif 

AumStr 

[mpttitd 

Foot infrciion 

52 

47 

Cystitu or pyeloncphniis 

20 

IB 

Pneumonia . 

15 


Carbuncle. 

4 

4 

Infected finger. . 

3 

1 saved, 2 amputations 

Suppurative adenitis . 

3 


Miscellaneous. I 

14 


Total diagnoses . . 

HI 

103 


Deaths. 4 (5 among 20 amputations of the leg) 

tStTroo.C J.A Af 4.) 
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"It seems evident,” say these authors, “that one cannot expect 
chemotherapy to cure necrotic lesions such as carbuncles and 
gangrene in the diabetic. However, it seems to control exten- 
sion of pyogenic infections and to ha\e special advantages in 
pneumonia and particularly in genitourinary infections, to 
tvhich the diabetic are notoriously vulnerable.” 

Foot infections were given an initial dose of 3 Gm. (45 grains) 
of either drug and maintained with I Gm. (15 grains) every 
four to six hours. The average blood level was 6.3 mg. per 
m cc. 

Urinary infections received smaller dosage given over longer 
periods. A frequent procedure ivas to give 1 Gm. (15 grains) 

Table 2 — Chemotherapy in 52 Diabetic Foot Infechons 


Dottalts Ptdis Pultatten 



1 Pdpahlt 1 

1 PfonpedpaiU 

HQQII 

QQ 


IQQI 

Cases. . . 

20 1 

3? 

' 32 

61 

Major amputation . . . . 

3 ' 

15 

23 

72 

Successful local amputation or drainage 

17 1 

85 

7 

22 

Antputadon refused. 

0 , 

0 

!• 

3 

Amputation planned . 

0 

0 

!• 

3 

Deaths . | 

0 ' 

0 

3 

9 


*Patlenu died. 

<StTton. C. W.. tt : J. A. AI. A.) 


Table 3 — Effect or Chemotherapy on Insulin Dosage in 
100 Diabetic Patients 


], Injulln iccrra*ed . . . 


4S 


2. Itisulin decreased. . 

Insulin remained the same 

Insulin equal to or less than discharge dose 


14 

24 

17 


5S 


Pneumonia patients in the above series were usually given an initial dose of 
two or three Gnu pO or 45 grains) of sul&dsazine or sulfathiazole followed by one 
Gm. every four to six hours until thetemperature remained normal for 24 to 48 hours. 
The average blood level of the drug was five mg. per 100 cc. 


(arion.CW. «#»/..• J.A H.A.) 
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every four to six hours for the first 24 hours and then reduce 
the dosage to 0.25 to 0.5 Gm. to grains) every four 
hours. Blood le^’els averaged 3.5 mg. per 100 cc. 

To.xic symptoms in the diabetic patients appeared with about 
the same frequency as in nondiabetic patients. 
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BACILLARY DYSENTERY 

Yannet, Leibovitz, and Deutsch,* reporting on an epidemic 
of Sonne dysentery, present a comparison between a group re- 
ceiving sulfathiazole and a group not receiving chemotherapy. 
The average age of the former group rvas about 1 1 years, while 
of the latter it was about 14 years. Statistically this difference 
was of no significance. The dose of sulfathiazole varied between 
3 and 6 Gm. a day, depending on the weight of die patient, and 
was given in four to six doses a day for an average of four days. 
No evidence of toxicity due to the administration of the drug 
was encountered. As noted by others, the average number of 
days of fever and diarrhea was less in the drug-treated group, 
although the differences were small owing to the mildness of 
the disease. 'When only the cases of more than average severity 
were compared in the two groups, however, the beneficial effects 
of sulfathiazole were more apparent. The clinical picture rapidly 
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improved, ivhiJe the duration ot lever and diarrhea iv’as definitely 
decreased. 

The study of the weekly stool cultures in both groups was of 
considerable interest. In the control group, the average num- 
ber of days from the onset of illness until the rectal cultures were 
consistently negative ss’as 19,7 d: 3.7 (standard error) with a 
range from 4 to 48 days. In the sulfathiazole-treated group, the 
number of days from the cessation of therapy until the rectal 
cultures became negative average 33.9 4.4 (standard error) 

with a range from 7 to 84 days. 

Stool cultures during the administration of sulfathiazole, and 
for some days immediately thereafter, showed either no growth 
or an occasional colony of Escherichia coli on MacConkey’s 
plates. However, in 20 of the 27 patients treated with the drug 
there tvas a return of the dysentery organisms svithin three weeks 
after treatment was stopped. Actually, seven cases became posi- 
tive during the first week, ten additional cases during the second 
week, and three during the third week. There were no relapses 
in the group not receiving sulfathiazole, while relapses occurred 
at varying interv'als in three cases following the cessation of 
therapy in the drug-treated group. One of the cases is of par- 
ticular interest. This was a i2-year'Old boy, who was admitted 
to the hospital on December 19, soon after the development of 
fever and diarrhea. Sulfathiazole was started on admission and 
continued for four days. The temperature and number of stools 
became normal within 24 hours after the drug rvas started, and 
the patient rs-as returned to his cottage two days after the cessa- 
tion of drug therapy. At this point rectal cultures showed no 
bacterial growth. Two da^ later his temperature rose to 102“ F. 
and numerous diarrheal stools were passed that tvere positive 
for Bacterium sonnei. Another four-day course of sulfathiazole 
was administered and a rapid clinical recovery followed. Again 
ihe recta} culfure showed nogromh. Ooe jveek Ja/er, however, 
the Sonne organism was again isolated. On January 7, 1942, 
almost three weeks after his iniual attack, he had, for the third 
time, diarrhea, fever, and vomiting. He received no drug 
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Table 1 — Comparison of Control and Sulfatiiiazolc 
Treatu) Groups 


1 

J/umbet 1 

Acerag* 

& 

Duralien ' 

/Vrrr, 1 

DuiBlion 

of 

Diarrhea, 

Dajft 

I First 
/Jegatipe 

1 Culture, 

j 

Control 

Sulfathiazole treated 

17 1 

27 

13.8 ±2 6t 
11.0:fcl.3 

1 3 =fc 0.2 
1.0 ±0 1 1 

2.9 ±0.4 
1.5 ±0.2 

' 19.7 ±37 

1 33.9 ±4.4 


• 100“ F. or higher. t Standard error. 

(YMBet.H.r/W.- I.A M A) 


therapy during this attack and u'as clinically well within 48 
hours. Cultures taken at weekly Intervals following this relapse 
remained native. In the other ttvo cases the relapses occurred 
5 and II days, respcctisely, after the cessation of drug therapy. 
Rectal cultures, which had shown no growtli or only coliform 
bacilli following the cessation of drug therapy, again became 
positive for the Sonne organism. Additional drug therapy \sas 
not given and both patients made an uneventful recovery'. In 
both cases tectal cultures became consistently negative 14 days 
after their respective relapses. 

During the study of healthy contacts in the institution, as 
well as the new admissions, 13 carriers of Bacterium sonnei were 
discoveicd. Ten of these harbored the epidemic strain, while 
three (the new admissions from the community) harbored a 
strain which differed from the epidemic strain by being rapid 
rhamnose fermenters. 

Six of the carriers ucre ticated with 3 Gm. of sulfaguanidinc 
a day for seven days, therapy being instituted within 48 hours 
after the first positive culture had been obtained. All but one 
remained well and failed on subsequent weekly cultures to show 
the dysentery organism, although they svere followed for several 
months. The six, a carrier of the epidemic strain, received the 
usual dose of sulfaguanidinc for seven days. Rectal cultures 
taken on the last day of tlierapy showed no bacterial growth on 
MacConkey’s medium. Five days after the cessation of drug 
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therapy, the clinical picture of d)-5entery developed ^vith fever, 
diarrhea, and vomiting. A rectal culture at this time was positive 
for the Sonne organism. He was treated with sulfathiazole and 
recovered clinically in 48 hours. Rectal cultures, however, re- 
mained positive for almost trvo months. This case is included 
with the sulfathiazole-treated group. 

That the sulfaguanidine contributed significantly to the clear- 
ing of the carrier state is doubtful in our cases, because of the 
essentially similar course followed by the group of carriers that 
receh'ed no drug therapy. Of the seven subjects in this group, 
six failed to show subsequent positive cultures after the organism 
was initially discovered, although rectal cultures were performed 
for almost two months. The seventh had consistently positive 
stool cultures for five weeks. At the end of this period he was 
given a similar course of sulfaguanidine. Subsequent positive 
cultures were not found following therapy. 

The interesting feature of this phase of the study is the fre- 
quent occurrence of relatively short periods during which 
healthy carriers may harbor the dysentery organisms and thus 
serve as potential sources for die spread of the disease if not 
isolated. That the epidemic was spread in the institution by 
means of temporary carrier states in the relief personnel is not 
unlikely. '\\^hether the prolonged carrier states rvould be bene- 
fited by sulfaguanidine remains to be seen. A recent study by 
Rantz and Kirby suggests that this may be the case. In that 
study, however, the organism isolated was identified as Shigella 
alkalescens. 

Rubens and his associates^ used sulfathiazole in the treatment 
of 17 children, who entered the Cook County Children’s Hos- 
pital because of frequent watery stools containing blood and 
mucus. There were 29 control children. Sulfathiazole was 
started from iw’o to four days after the patients’ hospitalization 
and continued until tiie stools svere normal in number, color, 
and consistency, and until the cultures of three weekly consecu- 
tive stools were negative. The average daily dose of the drug 
was O.I Cm. (li^ grains) per pound of body weight, given in 
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six equal doses at intervals of four hours. Nonspecific, suppor- 
tive therapeutic measures, as indicated by the clinical condition, 
were employed. The eight patients with clinical d)seniery from 
whose stools positive cultures of Bacterium dysenteriae and 
Salmonella were obtained responded better to sulfaihiazole than 
the nine clinically identical patients whose stool cultures were 



negative. The ratio of the duration of disease after treatment 
was started is 2.9 to 4.7 days. The duration of diarrhea was 
shorter in the eight patients after sulfathiazole was started than 
it was in the 13 similar p.itients treatetl identically but without 
sulfathiazole. The ratio of days of diarrhea after sulfathi.izole 
was started was 2.9 to 8.8. Therefore, sulfathiazole appeared to 
have definite value in the treatment of patients whose stool cul- 
tures were positire for dysentery or Salmonella organisms, but 
no statistically significant effect svas demonstrable in those whose 
stools tvere negative for the org.anisms. 
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ceivctl nnoihcr course of sulfagiintiidinc and ilicn iliclr siools 
bcrainc negative again. This indicates ilic necessity for con* 
tinned check of the stools for several vveeki after tlicy become 
negative for the infective organism. 

Smyth rt alfi also rejxjn on the nsc of snUngnanidine .and 
surcinylsulfathiarolc in acute b.icin.ary (4'sciitery (Flexner). 
with the following conclusions: U U evident from thU study 
of 28 cases that both sulfagtiantdtnc .and surcin>Isulf.a(hia7nle 
arc of distinct value in the trraintcni of acute hacJ Nary dysentery 
(Flcxucr) . It must he empliasimi, however, that failtires have 
ofcurretl following the use «»f c.ifh of these drugs. Ilecausc sue* 


'I’AWr 2 — TtrrAi Dosaci amh Cr>R*isi*«st>Jvc IH oot» Cost rv- 
TKVTioss Of Sen ACUAsaiUM IV 12 C-wrs 
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1 n'njVl, 
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/)«./ 
in Ctami If 
/>|V 

n/fj 

Crnfftfitfian 
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*>; lOlitt 

T. T 

^ ... 

485 

to 



78.5 

12 
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150 

32 



et 0 

too 



105 0 

7.2 

0 K 

’M 

28 0 

7? 

V. K 

46 

32 0 

42 



53 0 

56 



(.8 0 

62 


1 

J04.5 

83 

J r 

S> A 

490 

09 



72 0 

5 

M N 

' 60 

3S0 

1 

vv s 

' 61 A 

54 0 

50 

r. K 

54 1 

45 0 

32 

K G 

' 56 4 

27 5 

t66 


‘ 

5-»5 

46 

J T 

i 45 2 

41 0 

3 

J P 

1 6S 

25 0 
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85 0 
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R. It 

755 

72 0 

36 


I 

120 0 

143 
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TABLf; 3 — ^Total Dosage and Co»respo>dixc Blood Concen- 
trations OF SUCCINYIAULFATHIAZOLE IN 24 CASES 



(SinTth.CJ, J.A.M.4.) 
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cinylsuUathiatole is equally effective, and because it is without 
the potential toxic effects of sulfaguanidine, we believe that it 
is the drug of choice in the treatment of acute bacillary dysentery 
(Flexner) . 

We consider that sucdnylsiilfathiazole given in doses of 0.25 
Gm. per kg. initially and 0.25 Gm. per kg, daily for at least six 
consecutive days was adequate to ei^ta cure in 12 of 14, or 85 
per cent, of our cases. We observed that doses of twice this 
amount may be administered without untosvard reactions, and 
it is su^ested that if fever and diarrhea are not controlled after 
three days of therapy svith the smaller doses twice the amount 
of the original dose be given. 

^Ve wish to stress the importance of repeated stool cultures 
for at least three weeks after therapy has been discontinued. 
Although the final decision regarding the value of succinyl- 
sulfathiazole will require further clinical use, the results of this 
comparative study indicate that it is a definite advance in the 
treaimem of this important enteric disease, and may prove to 
be of great value in the treatment of other types of bacillary 
dysentery. 
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EMPYEMA 

In an article on the influence of sulfonamide therapy on post- 
pneumonic empyema thoracis, Burford and Blades* state that 
it is their belief that once the pneumonia has been adequately 
controlled, and certainly when pus has been demonstrated in 
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the pleural cavity, sulfonamide therapy should be discontinued. 
To treat the empyema, once it has developed, chemoiherapeuti* 
cally is not only irrational but may be definitely deleterious. 
Such a course will only obscure the picture and render the proper 
surgical procedure more di/ficult. The idea, unfortunately, too 
common among pediatricians and internists, that a purulent 
pleurisy caused by organisms affected by the sulfonamide drugs, 
once formed will often take care of itself if chemotherapy is 
continued, is just as fallacious as assuming that any other abscess 
will do the same without proper surgical drainage. 

Two of the most valuable clinical guideposts in the proper 
treatment of empyema arc the fever curve and the patient's 
appetite. In the case in which drainage has been adequate the 
temperature returns quite promptly to normal and the appetite 
becomes good and even voracious. Conversely, when for one 
reason or another the drainage becomes inadequate, there is a 
prompt rise in temperature and an associate anorexia. The 
sulfonamides are notorious for their antipyTetic properties and 
for their anorexic effects. The patient w'ith a drained empyema 
who U being treated by one of these drugs often provides a con- 
fusing dilemma. One is lulled into a false sense of security by 
the antipyTetic effect of the drug on the one hand and alarmed 
by its appetite-destroying properties on the other. 

Also see page i^o. 
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PNEUMOCOCCIC ENDOCARDITIS 
(Also see page x^o) 

Pneumococcic endocarditis is a highly fatal disease, but Blum- 
berg, Heine, and Lipshutz' report the cure of a case treated 
with sulfonamides. 

The patient was first seen on December 1, 1941, during a 
severe chill. The only positive conditions on physical exaraina- 
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tion were a loud harsh blowing s)'stolic murmur at the apex 
of the heart transmitted to the axilla and injection of the pharynx 
and tonsillar area, with a fetv patdies of white exudate on each 
tonsil. Nomedicalionwasgivcnduringihenextfewdays. Chills 
and fever occurred daily. The patient complained of generalized 
aches and pains. There was no evidence of any joint involve- 
ment. OnDecember4theadmmisirationof8ulfathiazole (IGm. 
four times a day) ivas instituted, with little effect on the patient's 



(Bliusbctg, N , n al JAMA) 


clinical signs or symptoms. On December 10, sulfadiazine (1 Gm. 
four times a day) was begun. On December IB the patient com- 
plained of pain in the calf of the right leg. ILxamination at that 
time revealed only tenderness of the right caU. There was no 
discoloration, swelling, or limitation of motion, and no alteration 
of pulses in the exircmiiy. The injection of the throat gradually 
subsided, the extjdatc disapjwating. The murmur previously 
described persisted, because of the persistence of the chills, 
fever, and sweats, the intensity of the murmur and the possible 
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embolism to his right leg, the patient svas hospitalized tvith a 
tentative diagnosis of bacterial endocarditis. 

Examination: The patient tvas thin and on admission to the 
hospital did not appear in acute distress. His temperature was 
99.8'= F., the pulse rate 100 a minute, and the respiratory rate 
20 a minute. There tvas no dyspnea, cyanosis, jaundice, or 
lymphadenopathy. No petechias trere visible. There teas a scar 
on the left cornea extending from 10 o’clock on the limbus to 
the center, with anterior synechias. The fundi were normal. 

The tonsils were not enlarged and the pharynx svas slightly 
injected. The oral hygiene was poor. Several teeth tvere missing 
and several others contained cavities. On the gum above the 
left lateral upper invisor was a small white spot which was slightly 
lender but from which nothing could be expressed. The chest 
tvas clear. The heart tvas not enlarged and no thrill was felt. 
The rhythm tvas regular, the sounds being of good quality. A 
loud, rasping systolic murmur was heard at the apex and was 
transmitted totvard the axilla. The second sound at the pul- 
monic area was accentuated and split. The blood pressure svas 
110 mm. of mercury systolic and 70 mm. of mercury diastolic. 

The liver and spleen were not palpable. There was no tender- 
ness of the costovertebral angle. Rectal examination was nega- 
tive. There was no edema of the extremities. Pulsations in the 
dorsalis pedis and posterior tibial arteries were good and equal 
on the two sides. There was slight tenderness in the calf of the 
right leg. Neurologic examination wasnegative. 

Course: The course in the hospital is shown graphically in 
the chart. The day after admission the patient felt fairly n’ell, 
his temperature reaching only 101.4® F. Laboratory studies 
revealed a normal urine, blood sugar, blood urea nitrogen, and 
a negative 'IV’asscrmann reaction of the blood. The blood count 
was hemoglobin (Sahli) 12.8 Gm. per 100 cc. (93 per cent), 
erjtfiroc)‘fes 4,600,000 per cm., and teukocyces 18,500 per cm., 
with a differential count of 87 per cent neutrophils and 13 per 
cent lymphocytes. The blood sulfediarine level was 2.72 mg. 
per 100 cc. The blood sedimentation rate (Cutler) w-as 26 mm. 
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in one hour. An electrocardiogram was normal. By roentgen 
examination the heart shadow and lung fields were normal. 

On December 20 and once or twice daily thereafter, for about 
ten days, the patient experienced severe shaking chills, following 
which his temperature would rise to a peak of 102° to IQG* F. 
He would then perspire profusely, with a concomitant fall in 
temperature. Blood cultures taken before and during the chills 
showed no growth. 

On December 24 the patient complained of headache and a 
stiff neck. Nuchal rigidity was present and a positive Kernig 
sign u’as elicited. Examination of the ears, nose, and throat was 
negative. No focal neurologic signs were present. Othenvise 
the examination was as noted on admission. Lumbar puncture 
revealed a cloudy spinal fluid under a pressure of 190 mm. of 
water. The fluid contained 18.000 leukocytes per cm., with a 
differential count of 95 per cent polymorphonudcars and 5 per 
cent lymphocytes. The chlorides svere 700 mg. per 100 cc.: 
Fehling’s solution was not reduced, and the protein was 250 mg 
per 100 cc. No organisms were seen on smear and there was no 
growth on culture. Sulfadiazine was then given by mouth. 
10 Gm. on December 24 and then 1 Gm. every four hours day 
and night. The s>inptoms and signs of the meningitis cleared 
rapidly during the next few days, but the chills and fever per- 
sisted. The blood sulfadtaiinc concentration svas maintained 
at about 10 mg. per 100 cc. On December 2G the spinal fluid 
contained 900 cells per cm., with 80 percent polymorphonuclears 
and 20 per cent lymphocytes. The chlorides were 650 mg., the 
sugar was 85 mg., and the proteins were 50 mg. per 100 cc. The 
sulfadiazine level in the spinal fluid was 5 mg. A smear showed 
no organisms and cultures were again sterile. 

On DeccTOber 27 tlvc yatiem complained of sodden pain in 
the upper inner portion of the right arm and of numbness and 
coldness of the right forc-arm and hand. On examination, the 
right forearm and hand were cold and mottled blue. There 
was tenderness in the upper inner portion of the right arm. No 
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pulsation felt in either the right radial or the brachial artery. 
A faint pulsation was felt in the right axillary artery. 

I With the oscillometer, very slight oscillations of the needle 
were noted in the right upper extremity, with normal oscilla- 
tions on tlie lefL Papaverine hydrochloride ts’as administered 
in doses of 0.032 Gm. (ly^ grain) , at first intravenously and then 
orally. Also, the affected extremity was wrapped in lamb’s v\moI 
and placed in a heat cradle. Following the institution of these 
measures, the pain diminished and the color and temperature 
improved. 

The following morning, December 28, the patient complained 
of sudden pain in the calf of the left leg. The left foot was 
cold and blanched and there was tenderness in the upper por- 
tion of the calf. No pulsation could be felt in the left posterior 
tibial, dorsalis pedis, or popliteal arter>’, but there was good 
pulsation in the femoral arterj'. Oscillometric readings were 
zero below the knee, normal above. A paravertebral block with 
procaine hydrochloride at the level of the first, second, and third 
lumbar vertebras on the left was instituted, papaverine hydro- 
chloride continued, and heat applied. 

On January 1, 1942, reappearance of pulsations was noted in 
the right brachial and radial arteries and the left posterior tibial 
artery. The pulsations gradually increased in strength, but the 
difference from those in the unaffected exlremity could easily 
be detected. 

The patient's temperature continued to range between 98® 
and 101° F. Subjectively he felt well. The heart remained 
normal in size and the murmur changed slightly with variations 
in the heart rate, but otherwise it was constant. No petechias 
were noted. The spleen was not palpable. The leukocyte count 
remained about 10,000 per cmm. The erythrocytes gradually fell 
to 3,100.000 per cmm. Blood cultures, both aerobic and anaer- 
obic, persistent/y fai/eci to show growth even though observed up 
to 16 days. Paraaminobenzoicacid was added to the media when 
the patient was receiving the sulfonamides. On January 5 the 
spinal fluid was clear under normal pressure and contained no 
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cells. The sulfadiazine concentration on that day tvas 4.6 mg. in 
the spinal fluid and 7 mg. in the blootl. On January 5 and 7 
the urine contained many red blood cells and on the latter date 
many crystals of sulfadiazine also. On Jannary- 8 the stilfadiazine 
was stopped, a total of 97 Gm. having been administered in the 
hospital. 

The patient's temperature then gradually rose and on Janu- 
ary 14 reached 103® F. TIic next day snlfathiazole was started 
with a dose of 2 Gm. and then 1 Gin. every four hours, fits con- 
dition remained essentially unchanged, except for some lessen- 
ing of his feser, uniil January 28, when a right hemiplegia 
suddenly developed, involving the face and upper and losver 
extremities. There was a pronounced motor aphasia, but con- 
sciousness svas not lost. The next day, January 29, the blood 
culture taken on January 23 was reported as showing a grosvth 
of pneumococcvis type XXVIII. The blood culture taken on 
January 24 svas subsequently reported to show a grosvth of the 
same organism. Tsventy cc. of blood svere taken for e.ach of these 
cultures ten minutes after the subcutaneous ndmlnistration of 
3 minims (0.2 cc.) of epinephrine. On smear of the colonies 
the organisms were gram-positive encapsulated diplococci. The 
cultures were bile soluble and on inulin produced both acid 
and a coaguliim. Mice svere readily killed after intraperiioneal 
injection of the cultures. Tlie organisms in the peritoneal slash- 
ings gave a piompt quellung reaction with type XXVIII pneumo- 
coccus serum. 

On February 3 the peak of the paileni's temperature sras 
below 100“ F., and after February 8 never rose above 99.4“. 
Sidfathiazole, 1 Gm. every four hours, svas continued. Between 
February 6 and 13, 540,000 units of type XXVIII antipneumo- 
coccus rabbit serum svas administered intravenously (100,000 
units each on February G and 7, 40,000 units on February 9 
and 100,000 units each on February ll, 12, and 13). Intra- 
dermal and ophtlialmic sensitivity tests were negative and the 
patient had very little reaction except for a moderately severe 
chill after the first dose. After February 6 the leukocyte count 
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remained under 10,000 per cmm. The erythrocyte count grad- 
ually rose. The sedimentation rate, however, continued per- 
sistently rapid. The patient's murmur remained constant. He 
tvas alert, although the aphasia |>ersi$ted to a strong degree. Heat 
and massage were administered to the paralyzed limbs. He re- 
gained fair motion of the right lower extremity, but very little 
of the right upper extremity. Spasticity, hyperactive reflexes, and 
pathologic reflexes persisted in both. 

On March 13 his leukocyte count was 7000 per cmm. and his 
erythrocyte count 4,300,000. Urinalyses were repeatedly nega- 
tive. The blood sulfathiazole level had been maintained be- 
tween 4 and 6 mg. per 100 cc. Twenty blood cultures taken 
subsequent to the positive ones were all sterile. 

On March 14, three months after admission, the patient svas 
discharged from the hospital with a diagnosis of type XXVIII 
pneumococcus endocarditis, with emboli to the meninges, right 
brachial artery, left popliteal artery', and left middle cerebral 
artery. 

Subsequent Course: Since discharge the patient has shown 
gradual but steady improvement. Sulfathiazole was continued 
in gradually decreasing doses and tvas stopped on April 21. He 
is able to walk, but the leg is still somewhat spastic. There has 
been a slight improvement in the right arm. The aphasia is 
gradually diminishing. The murmur is still easily audible, but 
appears not quite so rough or loud. Tltere have been no further 
embolic phenomena. Pulsations in the vessels of the right arm 
and left leg are still noticeably diminished. His temperature, 
pulse rate, blood count, urinalysis, and sedimentation rate are 
all normal. Several more blood cultures taken since his dis- 
charge have been sterile. The patient feels well and at present 
is attending a special school where reeducation is being 
attempted. 

Comment: feeJ that a diagnosis of type XXWf/ pneumo- 

coccus endocirditis is justifiable on the following grounds: (i) 
The absence of a history of prerious heart disease and the normal 
cardiac findings in another hospital a year prior to the onset 
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of his present illness; (2) the septic course; (3) the type of 
murmur; (4) the embolic phenomena, and (5) the recovery of 
type XXVm pneumococci in two separate blood cultures. 

The origin of the pneumococci is obscure; that the patient did 
not have pneumonia is definite. Other possibilities are the fistula 
over the left lateral upper incisor and the infected tonsils and 
pharynx. 

We believe that recovery has occurred on the basis of: (1) 
The return to normal of the temperature, leukocyte, and erythro- 
cyte counts; (2) the absence of further embolic phenomena; 
(3) the persistently neg.itive blood cultures, and (4) the pro- 
nounced improvement in the p.atient's general condition. 

The relationship to recovery of the therapeutic agents em- 
ployed is open to question. During the administration of sulfa- 
diazine there u'as diminution in the chills and fever, which, 
however, recurred when ihcdrugwasdiscontinucd. Theembolic 
phenomena and the positive blood cultures were obtained during 
active treaunent with sulfathiazole. Concomitant with the ad- 
ministration of cype-specihe rabbit antipneumococcus senim, 
in addition to the sulfathiazole, the temperature declined and 
recovery ensued- Whether the serum tvas instrumental in bring- 
ing about recovery or whether the administration was coinci- 
dental to spontaneous recovery is a moot point. 
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ENDOPHTHALMITIS 
See page 26^ 


EPIDEMIC KERATOCONJUNCTIVITIS 
See page 267 
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ERYSIPELAS 


Shank, Maxwell, and Boialls* report on the treatment of 165 
cases of erysipelas with sulfonamides. 

Sulfanilamide was the chemotherapeutic agent used in 102 
cases, sulfamethylthiazole in 29 cases, and a netv acyl derivative 
of sulfanilamide, S-22, or sulfabenamide, was given in 34 in- 
stances. The dosage of these drugs was as follows; 

Two-tenths Gm. per kg. of body weight up to a maximum of 8 Gm., 
divided into six equal doses and gisen every four hours for the first 24 hours. 

Fifteen one-hundredths Gm. per kg. of body weight to a maximum of 
6 Gm. in the second 24 hours. 

One-tenth Gm. per kg. of body weight (o a maximum of 4 Gm. daily 
for the duration of the hospital stay. 

In addition to chemotherapy, cold boric acid packs were used 
routinely to relieve pain and discomfort. To prevent recur- 
rence of the lesion, patients were hospitalized from seven to ten 
daj's and kept on drug therapy the entire time. 

The age and sex distribution, with mortality figures for each 
group, are presented in Table 1. It will be noted that the ma- 
jority of these patients were over 40 years of age. It is well 
understood that erysipelas is especially fatal to the aged and to 
ver)’ young infants. In this series there tvere only four patients 
under 2iy^ years of age. Tivo of these infants, hoivever, nine 
months and three months of age, had extensive erysipelas that 
responded promptly to drug therapy. 

There were five deaths in the group of 165, a mortality figure 
of three per cent. This compares with mortality rates of from 
8 to 12 per cent before the use of sulfanilamide as reported by 
others. Necropsies were done in four of the fatalities. In each 
instance there svere complicating disease processes. These are 
listed in Table 2. 

Blood concentrations of the drug used for these patients varied 
between 8 and 16 mg. per 100 cc. In each instance the local lesion 
was seen to regress with the treatment outlined. In case 3 the 
blood culture showed growth of the hemolytic streptococcus 
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TABt-r I — ^Ace and Sex DismiBurioN wmt Mortality Figures 


Age 

Xumber 


Deaths 

Birth to 2J4 years 

A 

Male. 

, 4 

0 



) email* 

, 0 

0 

years to 15 years. . . . 

10 

Male. . . . 

, 5 

0 



Female 

5 


1 5 years Vo 40 years 

25 

Mak. . . 

. 9 

0 



Fematc 

.16 


40 years to 60 years 

64 

Male 

34 

1 



I'emaie 

30 


60 year* to 70 years 

44 

Male 

25 

4 



Female 

19 

0 

70 year# and over . 

18 

Mate 

n 




Female 

7 


Toul 

165 





(Sbinfc. R. E.. H a! /. A. Af <1 ] 


on entry, but subsequent cultures produced no growth. Vegeta- 
tions of bacterial endocarditis were found present in case 4. 
Blood cultures had been negathe. In case 5 death was sudden 
and due to hemorrhage from a free-bleeding acute duodenal 
ulcer demonstrated postmortem. All other deaths were due 
to the compHcaiions of degenerative disease that had not re- 
sponded to the usual modes of therapy. Four of the deaths 
occurred in the group of 102 patients who were treated iNiih 
sulfanilamide, a mortality rate of 3.9 per cent. One death among 
29 patients getting suUameiliyUhiaiole gave a 3.4 per cent mor- 
tality for this drug, while no fatalities have developed in the 
sulfabenamide-tieated series of 34 patients. 

Of the ICO patients treated successfully, spread of the lesion 
was never noted after the first 36 hours of treatment. In general 
the ery'tliema and induration were definitely subsiding after 48 
hours, although some brawniness vv-as present for from five to 
seven days. 

In 84 cases witli initial fever the temperature was normal 
within 24 hours after beginning drug therapy and remained so 
throughout hospitalization. Fever persisted for 48 hours in 49 
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Table 2 — Case Summaries of the Five Fatalities 


Cast 
Ab. 3 
Agt 

Color; 

Stx 

CompJuating -Dittasts 

1 Dmg Ustd j 

Autopsj! 

1 

62 

' White 
cf 

Chronic nephritis, bronchopneumonia 

Sulfanilainide | 

Yes 

2 

63 

White 

o' 

Aortic aneurysm, degenerative heart 
disease, cardiac dct»nipciisation . 

1 SutTanilamide | 

Yes 

3 1 

White 

Degenerative heart disease, auricular 

1 Sulfamethyl- | 

No 

54 


hbiiUation, cardiac dccompcnsatton 

1 thiazole 


4 ' 
63 1 

tVhite 

d" 

i 

Degenerative heart disease, cardiac 

1 decompensation, baeieiial endo- 
carditis, acute gtomerutonephricis, 
thrombosis of right pulmonary 

1 tiuUaniiamide 

i 

Yes 

5 

62 

White 

o* 

Acute duodenal ulcer, massive gastro- 
intestinal hemorrhage, degenera- 
tive heart disease 

1 Sulfanilamide 

1 

Yes 


<SbiBk. K.i.iftl ■ j A. M. A.) 


patients, for 72 hours in 12, and in four patients for as long as 
four days. Thus fever persisted longer than 48 hours after treat- 
ment was begun in only 16 cases, or in 9.7 per cent of cases treated. 

Only one complication was seen in the entire series, a small 
subcutaneous abscess beneath the eye, requiring incision and 
drainage. This abscess developed at the site of the erj'sipelas, 
in the region of an infected squamous<ell carcinoma. There 
ivere no recurrences of erysipelas lesions. 

Rantz and Keefer, in their report, staled that complications 
occurred most frequently in those patients who did not receive 
the drug until late in the course of the illness. This has not been 
our experience. Treatment was begun with the history of the 
lesion existing from 12 hours to 14 days before admission in our 
group of patients. Response of the individual lesion to sulfanil- 
amide ivas universally prompt regardless of its duration. 

As already noted, sulfanilamide ivas given to 102 of the 165 
patients reported in this series. This drug is inexpensive, but 
has the disadvantage of producing toxic symptoms, particularly 
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in older persons. Nausea and methemoglobinemia were fre- 
quent. There were occasional occurrences of toxic psychoses 
with complete disorientation of the patient. Infrequent cutane- 
ous rashes were seen. 

Sulfamethylthiazole, although never put on the market and 
now prohibited from further clinical use, gave excellent results 
in 29 cases. It was found, in general, to be somewhat less toxic 
than sulfanilamide. No peripheral neuritis was seen in this 
small group of patients. 


Table 3 — Duration of Fever Aftir Therapy Was Br6uN 


/ZumbiT e/ 
Peltnlt 

FtbttU Pmod After 

Pegmnmg Chrmtlhetapy 

Percentage 

64 

24 hours 

50.9 

49 

46 hours 

29.7 

12 

92 hours 

72 

4 

96 houn 

24 

16 

Afebrile throughout 

9.7 

165 




(S^iialt.R I A M.A) 


We have no evidence that sulfabenamide has wide applica- 
bility as a therapeutic agent. In erysipelas, however, it seems 
to be as valuable as sulfanilamide or sulfamethylthiazole, and 
in our limited experience it was gratifyingly free from toxic 
effects. None of the 34 patients had any apparent metliemoglo- 
binemia, and there were no gastrointestinal disturbances. Two 
morbilliform cutaneous rashes were seen, but disappeared de- 
spite continuance of the drug. Mental confusion, so frequently 
seen in aged persons when given sulfanilamide, was not observed 
with this new drug. 

See also page z^s. 
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ERYTHEMA MULTIFORME 
See page lyr 


FILARIASIS 

Earle^ cites three cases o! lymphadenitis complicating filariasis 
successfully treated with sultapyridine. The striking beneficial 
effect of sulfap^Tidine on thed^mphadenitis probably indicates 
that the complication is due to a secondary streptococcic infec- 
tion rather than to the filariasis itself. This is borne out by the 
fact that the number of microfilarias in the blood stream was 
not reduced by the drug. 

REFERENCE 
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FRACTURES 

The results with compound fractures, says Matuska,* have 
been much more satisfactory since sulfanilamide has been used 
locally in the wounds after they have been thoroughly cleansed 
and d^brided. These patients have all been given sulfanilamide 
or sulfathiazole by mouth also, complementary to the use of 
sulfanilamide locally in the wound. Open reductions of frac- 
tures have done much better also, and there has not been a single 
case of infection in an elective open reduction since sulfanil- 
amide has been placed in the operative wound. The sulfon- 
amides probably act largely as a bacteriostatic agent, and they 
help to tide the patient over the critical period during which 
his defenses are lowered. That is why they are of such value 
to the rvounded soldier, since they keep do%vn infection during 
the period after the injury, while a patient is being carried from 
the battlefield and transported to the first-aid station. Then, 
tvhen the physiology of the body is again approaching normal, 
the patient is in better condition to win his own personal battle 
against infection. The early use of sulfanilamide is made pos- 
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sible for the soldier by the fact that sulfanilamide powder and 
tablets are included in his own individual equipment which 
he carries with him. 

In the Year Book for General Surgery for 1939 there is re- 
ported a series of 39 compound fractures in u'hicJi sulfanilamide 
was implanted locally in which there was not a single infection, 
while in another series of open fractures treated without sulfanil- 
amide 27 per cent showed infection, seven cases had gas, and five 
needed amputation. 

REFERENCE 
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FURUNCULOSIS 

In the treatment of furunculosis with sulfonamides one should 
carefully evaluate the severity of the infection with tlie possi- 
bility of toxic reactions from Uie drug. As a general proposition, 
it probably is not wise to treat a single boil or even several with 
sulfonamide tiierapy. Likewise, sulfonamide therapy is apt to 
prove disappointing, If treatment can be given early in these 
cases, x-ray therapy is more desirable. 

In extensive furunculosis, siilfathiazole is the drug of choice. 
The initial dose is 3 to 4 Gm. orally, followed by 1 Gm. every 
six hours day and niglit. The full effect of the dntg will he 
achieved within four to five days, when it should be discontinued. 


GAS GANGRENE 

Reed and Orr^ have demonstrateti the marked therapeutic 
effects of sulfouamidcs, particukirly sulfathiazolc, used locally 
in guinea pigs experimentally inoculated with ten times the 
lethal dose of Clostridium welclii, Clostridium septiciim, Clos- 
tridium novy’i, or Clostridium sordcUi. The drug was placed 
in the depili of the wound. Concentration of sulfathiazolc re- 
mained high in the wound for a longer period than was the case 
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with the other sulfonamides. The relatively stable concentration 
of sulfathiazole in the infected or potentially infected tissue 
probably was an important factor in the superiority of sulfa- 
tbiazole over the other sulfonamides. Sulfathiazole used orally 
resulted in 60 per cent recoveries and sk^hen introduced directly 
into the infected wounds it brought about 97 per cent recoveries. 
The untreated animals died within 26 hours of characteristic 
gas gangrene. 

The report of McIntosh and Selbie,- on the other hand, is not 
so favorable. They state that prophylactic and therapeutic 
chemotherapy has failed to show an appreciable reduction in 
the incidence of gas gangrene. Most of the experimental anaer- 
obic infections used as tests, they say, are not severe enough to 
be comparable with the disease in man. They tried to overcome 
this by devising a standard severe infection in mice, producing 
the disease by the intramuscular injection of 100 minimal doses 
of the bacteria trith calcium chloride as a stimulant, followed 
an hour later in the same site by an injection of the chemothera- 
peutic drug under test. The one-hour interval gives consistent 
results with repeated tests. 

The chemotherapeutic agents giving the most effective results 
against the individual infections were penicillin against Clos- 
tridium perfrigens and Clostridium oedematiens, and sulfathia- 
zole against Clostridium sepiicum. No drug tested was equally 
effective against all three of the organisms. The best prophy- 
laxis was accomplished by a mixture of drugs, and experience 
suggests the local application of a mixture of sulfathiazole and 
proflavine. Owing to the rapidity with rv’hich g.is gangrene 
spreads, the value of local therapy becomes restricted, and gen- 
eral treatment, including antitoxins, is essential. 
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GONORRHEA 

In no other division of therapeutics Itas cliemotherapy with the 
sulfonamides so almost completely supplanted all the older 
forms of treatment. With the advent of sulfanilamide it was 
thought that at last the ideal drug had hecji found for gonococcal 
urethritis. Discharge clearetl promptly and most patients were 
apparently ctired within a few days. 

Experience prosed, however, that sulfanilamide had not an- 
swered all problems of gonorrheal therapy, ^^any cases merely 
had their symptoms m.asked while tiieir infection remained. 
Others promptly relapsed. All in all, sulfanilamide in gonor- 
rhea soon showed that it was going to be a menace rather than 
a benefit, for too many patients were released from treatment 
with seeming cures only to spread their infection far and wide 

The use of sulfapyridine was an improvement in gonococcal 
therapy. The cure late of ambulant patients became much 
higher and there were fesver relaftses. Ilow'evcr, the greater 
toxicity of the drug puts some limitation on its use. 

Today sulfatluatole is the sulfonamide of choice in gonorriiea, 
although the sine quo non probably has not been reached. Newer 
sulfonamides are in the ofRiig which may take its place. It is 
conceded that if stilfathiarolc is to produce a cure, it will do so 
within one week of its initial administration in sufricient dosage. 
It must be remembered that the sulfon.imide drugs in some 
persons w’ill reduce the activity of gononliea and prevent its 
extension, but will fail to banish completely the objeciise symp- 
toms. A few patients will show' no beneficial effects at all from 
the sulfonamides at the lime of .administration. This failure 
to react fatorably may be a transient state and a later course of 
the drug may quickly render the patient symptom-free or even 
bring about a cure. However, if no effect is observed from the 
sulfonamides, one should resort to the older methods of treat- 
ment. 

The total optimum dosage of sulfathiazole in a course of treat- 
ment is 20 Gm. (300 grains) . The following scheme of treat- 
ment is recommended for ambulant patients: 
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Day of treatment I 2 3 4 5 

Total daily dosage in Grams. .. . 4 4 4 4 4 

Most toxic symptoms occur after the first week of treatment, 
so that it is inadvisable to continue therapy after the five days 
indicated above. If objective symptoms are not entirely absent 
at this time, the case should be regarded as a drug failure. After 
a week’s rest sulfathiazole may be tried again for five days under 
the same scheme. The daily dose of 4 Gm. is usually divided 
into four equal parts and given orally, 1 Gm. (15 grains) after 
each meal and at bedtime. The five-day course is started as soon 
as the diagnosis of gonorrhea has been made. 

It will be noted that nothing has been said of blood concen- 
tration of siilfathiazole. This does not have the importance that 
it has in the treatment of pneumonia and some other diseases. 
Failures have been observed in patients with a high blood con- 
centration of the drug and gratifying cures in others whose blood 
concentration never went beyond 1.5 mg. per 100 cc. of blood. 

Untoward Reactions: Despite the lower toxicity rate of 
sulfathiazole, it should be borne in mintl constantly that there 
are patients who cannot tolerate it or any other sulfonamide. 
For this reason, ptients not only sJtould be svarned of the pos- 
sibility of toxic reactions, but should be seen by the physician 
every 48 hours while taking the medicine. Should fe\er, rash, 
or vomiting occur, the drug should be withdrawn immediately 
and the fluid intake greatly increased. The following mild reac- 
tions may occasionally be noted which do not necessitate the 
withdrawal of the drug: Nausea, headache, vertigo, weakness, 
malaise, nervousness, and insomnia. Blood studies need be 
performed only tvhen there is evidence of a severe reaction. 

The danger of renal ttibtilar deposits of sulfathiazole crystals 
is nearly nonexistent with the above sclieme of treatment, and 
particularly if the daily fluid intake is m excess of 1000 cc. Few 
ambulant patients take less than this amount of fluid per day, 
but it might be wise to question them when treatment is started 
and make sure that they ingest a sufficient quantity of fluid. 
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Table 1 — ^V'enereal Disease Rates in Control and Sulfatiiiazole 
Test Group at Fort Bennjno 
(All rates per thousand per annum) 


Aumitr 

Gortetthta 

Chanctoti 

S^phttiS 

Total 

C,mp 

Cairr| Halt 

Cat»| RcU 1 

Ciliwj Hats 1 

Caxrrj Rate 


1. Control Group (No Sulfathlazole) 


March 

3771 

CS 

216 

38 

121 

IS 

48 

121 

385 

April 

1883 

5t 

325 

t9 

121 

13 

83 

83 

529 

May . 

3975 

48 

145 

22 

66 

17 

51 

87 

262 

June 

4101 

60 

176 

15 

44 

13 

38 

88 

258 

Jfiy 

4393 

80 

218 

30 

82 

39 

106 

149 

406 

August 

5100 

63 

148 

10 

24 

25 

59 

98 

231 

September 

S069 

43 

102 

13 

31 

lb 

38 

72 

170 


2 Test Group, Includini: All 'Tailures'’ 


March 

1200 

18 

180 

6 

60 

5 

50 

29 

290 

April 

1560 

28 

216 

15 

115 

4 

31 

47 

362 

May 

1565 

5 

38 

7 

54 

3 

23 

15 

115 

June 

1555 

5 

3$ 

2 

15 

8 

62 

15 

115 


1440 

4 

33 

6 

50 

7 

58 

17 

14] 

Auguit 

120Q 

7 

70 

3 

30 


10 

U 

no 

September 

1223 

1 

10 

4 

39 

4 

39 

9 

88 


3. Test Group, Omitting “Failure^’ Not Under the Suifathiaaole 
Medication as Prescribed 


March . ■ 

1200 

18 

180 

7 

60 

5 

50 

29 

290 

April . 

1560 

28 

216 

IS 

115 

4 

31 

47 

362 

May. 

1565 

1 

8 

1 

8 

3 

23 

5 

39 

June . 

1555 

1 

8 

0 

0 

8 

62 

9 

70 

July 

1440 

I 

8 

1 

B 

7 

58 

9 

74 

August. 

1200 

I 

10 

1 

10 

' 

to 

3 

30 

September 

1223 

0 

0 

0 

0 


39 

4 

39 


(Lowleu. J A . »nd Denton, Wm / /I M /i ) 


This necessity to waicli the fluid intake and the urinary outpm 
carefully becomes very inipoiiniu in tropical and subtropical 
places and during hot sv’callier anyTvliere. Profuse perspiration 
markedly diminishes the amount of urine passed by the kidneys 
and greatly increases the possibility of a blockage of the urinary 
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passages by deposits of sulfathiazole crystals. In order to guard 
against this one should make sure that the patient under sulfa- 
thiazole therapy passes a minimum of 1000 cc. of urine in 24 
hours. 

Oral Sulfathiazole Prophylaxis: Joses' reports on the use of 
sulfathiazole in divided doses as a prophylaxis against gonorrhea 
after exposure. The drug xv'as given to 350 men, none of whom 
developed the disease. 

The series of Kline and Ryan- xvas larger, 1000 men. Of 
these, three developed gonorrhea. 

A more recent study was made hy Loveless and Denton^ on 
1400 Negro soldiers, using 4000 Negro troops from the same 
post as a control. 

The method of administering sulfathiazole was as folloxvs; 
All soldiers in the test group were required to "sign out" and 
"sign in" through tite noncommissioned officer in charge of 
quarters. On signing out, each soldier was given 2 Gm. (30 
grains) of sulfathiazole and xvas obsersed to swallow it in the 
presence of the noncommissioned officer. During the first few 
weeks of the study all soldiers who did not have in their posses- 
sion a copy of form 77 MD (station prophylaxis slip) on sign- 
ing in were given a dose of 2 Gm. (30 grains) of sulfathiazole 
and an additional 2 Gm. (30 grains) the following morning 
under the same strict supervision. Later this exemption on the 
basis of station prophylaxis xvas discontinued and sulfathiazole 
was administered to all. Elarly in the course of the experiment 
restriction to camp for a period of one axeek of those xvho re- 
ceived 6 Gm. (90 grains) was attempted in order to prevent 
ox'crdosage. This restriction xvas later relaxed. The cost of this 
prophylaxis has been about ten cents per soldier monthly. 

Table I presents the rales for gonorrhea, chancroid, and 
syphilis of the test and control gfoup from March through Sep- 
tember. The administration of sulfathiazole to the test group 
was started on May 1 . 

It will be noted that in the control group there is no distinct 
trend of the rates for gonorrhea or syphilis. The rate for chan- 
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croid is considerably lower during the last four months of the 
total period. 

Section 2 of the table includes all cases of venereal disease 
diagnosed during the period March through September. The 
decline in the gonorrhea rate is evident. Chancroid shows no 
clear-cut change, and syphilis remains constant, except during 
the month of August, u’l>en a sharp decline is noted. Section 3 
excludes those cases not under the influence of siilfathiazole uhen 
exposure occurred— men who were exffoscd away from the post 
while on overnight leave or furlough and svho could therefore 
not obtain the additional sulfathiazole that would have been 
given could they Itate leiunied to the post. Tliesc cases are 
counted in section 2, as they were members of the group under 
study, but are omitted from section 3 because of their failure to 
carry out tlie piovisions of the study. One gonorrhea failure 
was noted in eacii of the months of May, June, July, and August, 
The situation is similar svith chancroid infection. \Wien sulfa- 
thiazole svas taken according to the j)lan of the experiment, 
gonorrhea and chancroid almost entirely disappeaied. Syphilis 
was imaffecied. although the low rate noted in August is not 
explained. 

Sulfonamide-resistant Gonorrhea: Herrell, Cook, and 
Thompson* rcjwrt on the use of pcuicilliii in sulfonamide- 
resistant gonorrheal infections We have studied experimentally, 
they say, the antibacterial activity of penicillin against several 
strains of Neisseria gonorrheae isolated from patients in whom 
the infection svas completely tesistam to what might be con- 
sidered adequate treatment sviih sulfonamide preparations 
These strains of organisms are inhibited completely in fairly 
higii dilutions of an active form of penicillin. Bacterial cultures 
reveal that the number of organisms is decreased greatly at tlie 
end of one or ts\o hours* contact with penicillin. Between the 
second and third or third and fourth hours in contact with 
penicillin no viable organisms were found. This experimenta] 
evidence immediately suggests that penicillin should prove 
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effective in the treatment of clinical infections due to these 
sulfonamide-reiistant bacteria. 

The complete absence of toxicity follomng the intravenous 
administration of pyrogen-free peniciHin, the lack of any dis- 
comfort to the patient and the rather rapid disappearance of 
clinical symptoms have been observed in three cases of sulfon- 
amide-resistant gonorrheal infections. Because of the limited 
amounts of penicillin available, we feel that penicillin therapy 
should be reserved and studied further in those cases in which 
the infection is resistant to the accepted forms of treatment now 
being used. In all the cases reported, in addition to the clinical 
response noted, negative bacterial cultures were obtained some- 
time between 17 and 48 hours after the institution of penicillin 
therapy. 

Gonorrhea in the Female: Fletcher. Gibson, and Sulkin^ re- 
port on the treatment of 194 women with gonorrhea. Four Gm. 
of sulfathiazole tvere given in divided doses of 1 Gm. each four 
times a day for fite consecutive daj's. Afedication svas begun as 
soon as the diagnosis of gonorrhea was established, without re* 
gard for the phase of the menstrual cycle. A second course of 
treatment .was gisen as a routine during the following period 
of menstruation. If menstniation occurred during the first ad- 
ministration of the drug, medication was not repeated during 
the subsequent period. When it did not occur before the patient 
ivas discharged from the hospital, she svas given enough sulfa- 
thtazole for another course of therapy to be taken during her 
next menstrua! period. This precaution svas taken because pre^ 
liminary observations suggested that menstruation may be 
responsible for an exacerbation of the infection. 

Every case svas classified as chronic gonorrhea with the ex- 
ception of two in which there was an acute inflammation of 
the cen’ix, urethra, and both adnexae associated sviih a severe 
febri/e reaction. T7ie cases classified as chronic gonorrhea pre- 
sented no symptoms. This is in contradistinction to (hose classi- 
fications wherein the mere finding of a positive slide or culture 
W'arranis a diagnosis of actiie gonorrhea. 
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^orty-Five per cent of the jatients had a gonorrheal infection 
of the cervix alone. In 12per cent onlythe urethra was involved, 
while 43 per cent had both cervical and urethral infections. 
Every patient in whom the pelvic adnexae were present showed 
some type of chronic infiammatory condition. 

Ninety-one and two-tenths per cent of the total number of 
patients under observation at the end of the "quarantine parole” 
period (12 weeks) were considered clinical cures. 

Local Use of Sulfatliiazole: Stedman® used microcrystalline 
preparations of sulfathiazole in tlie local treatment of gonorrhea 
in women because of the ease of application, the property of 
remaining in a milklike suspension, and the absence of a tendency 
to clump and cake. Tlte method of treatment svas as follows: 

(1) Treatments were given once daily. The mucopurulent 
exudate was removed from the cervix and vagina witli a dry 
sponge. (2) Three methods of application of microcrystalline 
sulfathiazole were used: {«) By means of a powder blower the 
cervix and vagina were coated with microcrystalline sulfathia* 
zolcj (i) 2 or 3 cc, of a five per cent sohuion of microcrystalline 
sulfathiazole were instilled into the vagina; OT (c) a suppository 
of ten per cent microcrystalline sulfathiazole was inserted into 
the vagina. This suppository takes about ten minutes to dissoh e, 
spreads out over the entire cervix and vTigina, and remains for 
several hours. The glycerin suppository was found to be tlie 
best form of application. (3) About 5 cc. of a five per cent sus- 
(jcnsion of microcrystalline sulfathiazole rvere instilled into the 
urethra. This plan of treatment resulted in negative smears in 
from 8 to 31 days. Tlie treatment caused the patients no incon 
venience except the daily attendance at the clinic. No evidence 
of irritation or inflammatory reaction from the drug resulted. 

The author also used a five per cent suspension of microcrystal- 
line sulfathiazole instilled into the urethra as a prophylaxis 
against gonorrhea in the male and found it effective in 99 per 
cent of 297 males. He suggests the use of vaginal suppositories 
of microcrystalline sulfathiazole as a prophylaxis against gonor- 
rhea in order to protect both patties of the sexual union. 
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Present Status of Gonorrheal Therapy: While the outlook 
for the patient tvith gonorrhea is far belter than it was a few 
years ago, the ideal therapensis has not yet arrived. Sulfathiazole 
tvill give a cure rate in carefully controlled cases of tvell above 
80 per cent, which is far better than could be achieved under 
older forms of treatment, but there still remains that small per- 
centage of cases which are not benefited. In addition, there is 
a definite percentage of cases who become symptomless carriers 
of gonorrhea following sulfathiazole therapy. Symptomless car- 
riers, whether they be male or female, are a menace against tvhom 
there is little protection and who form a nidus for a constant 
dissemination of infection. 

Some hope has been aroused through recent medical and 
magazine articles that penicillin will be the answer to the gonor- 
rhea problem once this drug is available for civilian use. Hotr- 
ever, even after large pltarmaceuiical houses can concentrate 
on its manufacture, it will continue to be far too expensive for 
general use. The very cost of this comparatively new remedy 
will compel the o\ envhelming majority of sufferers from gonor- 
rhea to continue to rely upon sulfathiazole, with its dangers of 
toxic manifestations and its rather small number of failures. 
Likewise, the technic of penicillin therapy in gonorrhea is not 
a simple matter and will not he adaptable for use in most cases 
of the disease. Finally, from die meager reports available, it is 
evident that penicillin is not a 100 percent effective agent against 
gonorrhea. 

Possibly with the present intense interest in chemotherapy, 
some new sulfa drug or some totally different therapeutic agent 
will be introduced which will entirely solve the problem of 
gonorrhea. Possibly, too, with the availability of penicillin 
after the rvar, it can be used to clear up the small percentage of 
cases in carefully controlled series which do not respond com- 
pletely to sulfathiazole therapy. (It must be remembered that 
the figures are not so optimistic in ambulant cases.) Neverthe- 
less, xvhatever the future may hold for the conquest of gonor- 
rhea, it still is a problem that demands far more from the phy* 
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sician than the haphazard distribution to his patients of a hand' 
ful of tablets. Like all great adv'ances in Medicine, sulfonamide 
therapy Jias opened new problems to keep us on our toes to find 
a solution. 
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HEAD INJURIES IN ^VAR 
Generous use of sulfanil.imide, says Cloward,* not only in 
the scalp and skull wounds, but also in the mtssilc tract in the 
brain, is recommended. Suiranilamide is preferred to other 
sulfonamides because it has been found to be much more rapidly 
absorbed into die blood stream from an open wound than any 
of the other sulfonamidedrugs. 

The dosage of sulfimilamide applied locally is I Gm. for each 
ten square inches of surface involved, but in closed cavities not 
more than 5 Gin. should be used. At no lime should more than 
15 Gm. be used locally, for the drug is absorbed rapidly and 
toxic reactions can readily develop. 
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HIDRADENITIS SDI'PDRATIVA 
See fmge jyt* 


IMPETIGO CONTAGIOSA 
See page 
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INFLUENZA 

While the sulfonamides have been used frequently in influ- 
enza, there is no evidence that they exert a favorable influence 
on the course of the disease. Also, since the patient receiving 
the sulfonamides is exposed to their toxic reactions rvithout hope 
of beneficial result, it would seem better not to administer them 
in influenzal infections. See Respiratory Infections, page 309. 


KERATOCONJUNCTIVITIS, EPIDEMIC 

See page 267 


KERATODERMA BLENNORRHAGICUM 
See page 77 / 


LEUKOPENIA, MALIGNANT 

Although leukopenia is one of the dangers of sulfonamide 
therapy, Heilig and Visveswar* report the successful treatment 
of ttvo cases n'ith sulfapyridine. Their comment follotrs: 

It is a generally accepted clinical rule that the sulfonamides 
are strictly contraindicated in all cases of leukopenia, especially 
when a granulocytopenia is present. This rule is based on the 
fact that members of the sulfonamide group tend tou-ard dimin- 
ishing the number of leukocytes in general and the granulocytes 
in particular to such an extent that fatal consequences due to 
acute agranulocytosis have been reported in numerous instances. 
This danger is supposed to threaten whenever hiH doses of one 
of these compounds are used, so much so that leukocyte and 
differential counts should be performed at short interv'als and 
the application of these drugs stopped at once when the total 
amount of white cells or the percentage of neutrophils shows a 
tendency to decrease. 

Furthermore, it is well known not only that sulfanilamide, 
sulfapyTidine, and other sulfonamide compounds interfere ^vith 
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the leukopoiesis, but also that the red blood cell count occa- 
sionally sho^vs such a reduction that blood transfusions might 
be required. Quite recently Chaiidluiri found that therapeutic 
doses of sulfanilamide and sulfapjTidine in monkeys cause "a 
moderate and progressive anemia” and “a consistent decrease of 
leukocytes.” Nevertlieless, the reasoning might be justified that 
a toxic arrest of the leukopoietic activity of the bone marrow, 
causing leukopenia and granulocytopenia, could be counteracted 
and the normal marrosr function restored if one succeeded in 
eliminating the source of toxin production. Thus the question 
arises whether it is probable that the sulfonamides svould exert 
their bacteriostatic action, which inhibits the further release 
of toxins more rapidly than their paralyzing influence on the 
bone marrow. Dameshek and Wolfson found in two cases of 
.acute agranulocytosis that sulfathiazole did no harm and 111.11 
it might have been of value in combating the secondary sepsis, 
although no definite proof for the latter opinion could be pre* 
sented because it was given in addition to transfusions and 
pentnucleotides. So far as two cases can show, small doses of 
sulfapjTidine are capable of improving the rapidly declining 
leukopoiesis if the infective organisms responsible for the severe 
toxemia respond promptly to the drug. In our cases such a 
response was established— apart from the changes in the blood 
picture— by* the fact that the fever subsided immediately and 
the general condition, which prior to sulfapyridine medication 
apparently precluded any hope, improved so speedily and com- 
pletely witlioui the employment of any other treatment that a 
spontaneous or chance recover)' obviously w.n$ out of the question. 

The course of events leading to this development, unexpected 
in several aspects, could be reconstructed and the origin of the 
toxemia traced in the follosving way: In the first case a hyper- 
trophied prostate gland which, as the patient later stated, had 
caused typical complaints for the past one year, caused urinar)' 
stagmition tv’ith a subsequent infection of the urinary tract. A 
icndenc)’ to a losv’ leukocyte count is not rarely seen in coliform 
group infections, so that an unusually hea\7 infection, such as 
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^vas proved in tlris case by the onset with a rigor, the high fever, 
and the delirious condition, might have turned the initial leuko- 
cytosis to leukopenia, which renders the system defenseless against 
a further invasion and unrestrained multiplication of all kinds 
of pathogenic microorganisms. The second patient suffered 
from diarrhea which lasted for one year up to her admission. 
Though it recurred only on the ninth day of her stay in the 
hospital and lasted for a fety days, easily controlled by Plantago 
seed diet, it is significant that this short attack of diarrhea the 
very next day was followed by the heaviest febrile attack, with 
two rigors, the temperature reaching 104.5° F. twice within one 
day. The explanation is tltat during the chronic diarrhea which 
preceded the patient’s hospitalization a chronic infection of the 
urinary tract, proved microscopically and bacteriologically on 
admission, was established, owing to the increased permeability 
of the affected mucous membrane of the colon. The acute diar- 
rheal relapse certainly tvas due to an increased virulence of the 
intestinal bacterial flora tvhich invaded the urinar}’ tract in force 
and, most probably, simultaneously entered the systemic circula- 
tion. Proof of the former process is the enormous increase of 
pus cells (4 plus) in a catheter specimen of the urine; the latter 
—the development of a septicemia— is almost ascertained by the 
occurrence of six rigors in eight days of high fever, uninfluenced 
by intravenous administration of quinine. The close connection 
between diarrhea and subsequent urinary tract infection was 
experimentally established by Leishman and is noticed in almost 
all of our diarrhea cases, especially in women. In contrast to the 
first case, leukopenia of 2400 to 2500 leukocytes per cubic milli- 
meter with a relative lymphocytosis already present found 
on admission. The further development clearly sho^vs that this 
white blood cell picture was due not to some constitutional 
peculiarity but only to the urinary tract infection, the leukocyte 
count subsequent to the successful treatment of the septicemia 
being constant at about 7000 with a normal differential picture. 
It is noteworthy that the red blood cell count did not improve 
simultaneously with the Ieukoc)'te$ but required administration 
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of crude liver extract. In both of these cases small doses (1.5 to 
2.5 Gm.) of sulfapyridinc SMcceedetl in cutting short the course 
of the fever and further administration of 2 Gm. a day, making 
a total of 6.25 Gm. and 10.25 Gm. respectively, in keeping tlie 
patient afebrile. It is highly imptobablc that such doses should 
have been sufTicient to achieve sterilization of the heavily in- 
fected urinary tract, the more so as in case 2 Kschericlna coli u-as 
found in the urine after one month of afebrility, normal botvel 
function, and general well-being. The explanation of tlie suc- 
cessful medication obviously is that the drug, exerting its gen- 
erally recognized bacteriostatic .action, stopped further bacterial 
multiplication and prevented a renewed invasion of tlie circula 
tion as well as furtber production of toxin, thus enabling the 
patient’s defense mechanisms to deal witli the bacteria which 
already were present in the system when ilie treatment was 
started. 

^Vhen these cases were presented the discussion hinged on 
whether tlie devclopinent of leukopenia was not precipitated 
by the intravenous use of quinine and methenamine with sodium 
salicylate and calTeine with sodium salicylate (Pyelopurin) . Fot 
the investigation of (his question four patients with particularly 
severe malarial and four with highly febrile urinary or biliary 
tract infection, all of them in a very low condition, were selected 
.and treated with full doses of quinine or the proprietary methen- 
amine mixture respectively by the intravenous route. 

In each of these cases a total leukocyte count and differential 
picture h.a\e been determined before and 12 to 24 hours after 
conclusion of a course of cithei live quinine injections, contain- 
ing 35 grains (2.3 Gm.) of quinine dihydrochloride, or of five 
.ampules of "pyelopurin intravenous," eacli of them containing 
methenamine 2 Gm. (30 grains) , sodium salicylate 0.08 Gm. 
(12 grains), and caffeine with sodium salicylate 0.2 Gm. (3 
grains) . In two of the cases in which quinine was given, the 
leukocyte count increased; in tlic other two it remained un- 
altered. The proportion of neutrophils showed variations of 

ten per cent with a maximum of 80 and a minimum of GO per 
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cent after treatment. Similarly insignificant rv'ere the changes 
following medication with the methenaraine mixture. In addi- 
tion to our eight control patients, the second of our two leuko- 
penia patients received a coukc of five intravenous injections 
of the methenamine preparation when after one month of well- 
being Escherichia coli was found in her urine; on conclusion 
of this medication (January 25) the leukocyte count was 6800, 
the differential picture 72 per cent neutrophils, 27 per cent 
lymphocytes, and one per cent eosinophils. These results make 
it highly improbable that in our cases leukopenia and granulo- 
cytopenia should liate been due to doses of quinine or meihan- 
amine with sodium salicylateand caffeine ti-ith sodium salicylate, 
which ivere smaller than those used in the control cases, though 
it cannot be excluded that in rare instances of hypersensitivity 
against these compounds and a constitutional weakness of the 
leukopoietic apparatus such a reaction might develop. 
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LUDmC’S ANGINA 

Conway* reports three cases of Ludwig’s angina treated with 
sulfonamides without sui^’cal intervention. In Case I continu- 
ous warm dressings were applied to the neck and continuous 
steam inhalations were given. Fluids were supplied intra- 
venously. Sulfonamide therapy consisted of five intramuscular 
injections of 5 cc. each of five per cent arosulfamide in the first 
24 hours. In addition sulfathiazole. 8 Gm., was given by rectum 
on admission and 8 Gm. more were given by the same route in 
two doses in the next 36 hours. The following day the patient 
could swallow and could take Ruids by mouth. One Gm. of 
soifathiazofe ts’as then given every four hours. Three days after 
the beginning of the sulfonamide therapy the patient could take 
soft diet and at the end of 12 days the medication tvas discon- 
tinued. The other two cases had similar treatment and like 
results. 
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Some coses, s.i)s ihis author, ’’obviously will require immediate 
operation, either tracheotomy or wide incision or both, and 
preparations for such operations should alu’ays be made and 
held in readiness whenever a patient is admitted with a condition 
which may rapidly go on to produce respiratory embarrassment. 
However, in view o£ the cxpcricuccs presented in this repori, 
I do not see the necessity for precipitous surgery,” 
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LUPUS ERYTHOfATOSUS 
See page i6S 


LYMPHANGITIS 
See page i6j 


LYMPHOGRANULOMA VENEREUM 
Lymphogranuloma venereum, known also under such syno- 
nyins as fourth venereal disease, sixtlt venereal disease, lympho- 
pathia venereum, lymphogranuloma inguinale, and strumous 
bubo, is a disease caused by an unknown filtrable vims and 
usually is venereal in origin. Although known under various 
names for the past hundred years, until fairly recently it was 
considered rather a rarity. Tlits no doubt was due to the fact 
tliat prior to the Fret test, which will give a positive diagnosis 
of lymphogranuloma venereum, most cases of rectal stricture 
svere I)elieved to be syphilitic, or to be due to staphylococcic 
infection, or to ulcerative colitis, or to tuberculosis. Now the 
true diagnosis is being made with far greater frequency. Th.it 
the disease is far from being rare is shown by the fact that the 
late Collier Afartin svas able to report a scries of something over 
300 cases collected in a very' few' years in his clinic in Phila- 
delphia. 
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Fig. l->Lvirphograouloina laguioale. Faticot six iBooths pregnant. Positive 
Frei test. On delhetf, tbeoewboro babfalsohad aposiiive Ftei test 



Fig. 2 — San»e patieot as Fig. i. 
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it seems more likely that the siilfpfiamides act on the associated 
bacterial infection virtnally alwa'p present, and that the patient 
relieved of this terrific depressAt to his entire system is then 
able by some unknown mechanism, possibly by the building up 
of an active immunity, to overcome the \ inis infection. 





it seems more likely that the sulfi^itamides act on the associated 
bacterial infection virtually alwa^ present, and that the patient 
relieved of this terrific dcpiessi^t to Ids entire sjstem is then 
able by some unknown mechanism, possibly by the building up 
of an actise immunity, to overcome the virus infection. 






Table 2"— St 


's Case History 



(Pilmcr. W L . Kutnrr. J B . ind RodinichF, EC /. <1. AT A ) 

A i^aalBr^te^report is by Paliner, Mirsner, anti 
In a serie^f TOVaticnls, with chronitj^ifi^^yinial^ 
the recttin^^^fmigmoid, or colon, i 
lymphogranulom^^H'l^uiTK ^tP<Tfcre'*tH|jUf^scyOT 
females and tlir^e wercmale^^ ‘ " 

In many respects, s a|^lt/ se authors, the most^ 
our group is patient^S^. (table 2), fronj.’Khosc 
the virus ivas recovered S^yArs after 
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Table S — Summary of C. C.'s Case History 


Daii 

Therapy 

C Rn 

Rracnat 

1 Vtnu 
lulaiien 

1 Rectum 

10/1/40 


+ 1 


Edematous, friable, bleed- 
ing, purulent discharge 

iOI22 
10/31 to 
11/10 

Sutfanifamide, 

2 4 to 3 5 Gm. daily 

‘ 1 

-h 

/ 

Unchanged 

11/19 




blucosa entirely normal 

11/20-30 


+ 

/ ■ 


11/26 




enable, bleeding; mucopur- 
ulent exudate 

12/1-6 

Sulfandamide, 

1 retention enema 

1 daily, 2 4 Gm m 
250 cc. of water 

S 1 V 

\ 

i 



12/7-4/8 

1/7/41 

2/3 

1 Sulfanilamide 

1 retention enema 

3 times weekly 

1 Sulfanilamide 

1 retention enema 

3 timcj weekly 
Sulfanilamide 

retention enema 

3 umej weekly 

1 

1 

Definitely better, slight 
bleeding, mucosa no 
longer fnable 

Almost normal; few scat- 
tered areas of bleeding, 
no exudate 

V4 

SulfaoiUnude 
retention enema 

3 limes weekly i 

+ 

(Ly-Kranutn) 

■ ! 

Pracocally normal 

4/1 

4/8 

Sulfanilamide 

retention enema 

3 times weekly 
Sulfanilamide 
discontinued 

1 

0 

Slightly granular, pracueal- 
ly normal 

4/29 



0 

Several small bleeding areas 
but rectum practically nor- 
mal 


W. L. ; Kinncr. J B , *na Rixljnitiie. E. C.: /. A. lA. A.) 

disease iVknown^Riave been present for II years. To our sur- 
prise, the rectal ^^flammation-subsided entirely and the stric- 
ture disappeared almost completely after (I) sulfanilamide and 
azosulfamide^and (2) pregnancy, an event svhich in itself, oc- 
curring af^fSO years of sterility, was somewhat surprising. The 
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Table 4 — Summary of G. R.'s Case History 


Dale 

1 Thtropy 

Fen 

Reaction 

S'lnir 

halalton 

Rectwn 

11/19/40 


+ 

0 

Chronic inflammation with 
stricture S cm. above anus 

ZlAfAX 



-f 

Unchanged 

3/4 


(Lygranum) 


Unchanged 

3/9-20 

diillanilytguanidine, 
10 Gtn. daily 




3/18 

3/24 

3/27 

Sulfanilylguanidine, 
10 Gm daily 
resumed 

Sutranilylpjanidine, 
to Gm. daily 
continued 



Little change 

Unchanged 

4/8 

SulTanilylguanidine, 
10 Gm. daily, 
continued 

+ 

0 

Mucosa bleeding, tcnciure 
unchanged 

4/22 

Siilfanilylguanldine, 
10 Gm daily, 
continued 


0 

1 

Less bleeding! slightly im- 
proved 

5/6 

Sulfanilylguanidinc, 
10 Gm daily, 
continued 


1 0 

Unchanged 

5/13 

6/2 

Sulfanilylguamdine, 
10 Gm. daily, 
conunued 

' Sulfanilylguamdine, 
discontinued 


0 

No bleeding: defintiely bel- 
ter but stricture unchanged 


{Pjlmu. V L.Kjiincr. J B , mJ RodiO'chr. £ C.: /. A. A) A) 


improvement nppearcd to have been initiated by the chemo- 
therapy and to have been furthered enormously by the pregnancy. 

In patient C. C. (table S) the administration of sulfanilamide 
for 20 days seemed to produce a most striUng^transformation in 
the proctoscopic appearance. The disease pr^^ess recurred, how- 
ever, within a week after the discontinuance of the drug. TJie 
use of sulfanilamide retention enemas daily for six days followed 
by such enemas three times weekly for four months apparently 
resulted in complete healing of the proctitis. The disease has 
not recurred as yet after seven weeks. 
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In comrzst to the first two patients, patient M. G., whose 
disease svas of three years’ duration and was unaccompanied by 
stricture formation, exhibited only slight improvement after the 
administration of 4 Gm. of sulfanilamide daily for tsvo sveeksand 
no improvement after receiving 3.3 Gm. of azosulfamide daily 
for 27 days, followed by 5.3 Gm. daily for 14 days. 

To another patient, G. R. (table 4) , whose disease had been 
present for six years and had resulted in severe stricture forma- 
tion, sulfanilylguanidine was administered almost continuously 
for more than tti’o and one-half months in a dose of 10 Gm. 
daily. Improvement occurred slowly but nevertheless definitely. 
There was a gain in sv’eight amounting to 5 kg. (II pounds). 
The rectal pain disappeared. The number of stools decreased 
from 15 to 30 daily to ttvo to eight daily. The bloody rectal 
discharge disappeared. The stricture remained about 4 mm. in 
diameter, but it seemed softer. The adjacent rectal svall became 
thin and pliable. The mucosa at the site of the stricture and 
below remained granular and bled easily. The bacterial count 
per Gram of feces decreased from an average of 20 to 50 million 
organisms, predominantly gram-negative bacilli, to an average 
of 100 to 600 thousand, predominantly gram-positive cocci. 

Canizares and Morris® treated six patients with sulfaguanidine 
in a daily dosage of 24 Gm., divided into four equal doses. Length 
of treatment varied from 27 to 47 days. All the patients with 
simple inflammatory proctitis experienced subjective and ob- 
jective improvement, but those with narrow fibrotic stricture 
of the rectum showed no improvement. These authors stated 
that chemotherapy will do no more than heal erosions and 
ulcerations. 

REFERENCES 

!. ScHArFER, L, yv., AND Arnoi4>, E.: Arch. Deimat. and Syph. 38.705 

(Nov.) 1938. 

2. Palmer, W. L ; Kirsner. J. B , AND Rodaniche, E. C : J.A.M.A.I18: 

517 (Feb. 14) 1942. 

3. Canizaexs, O., and Morris, G. E.: Arch Derinat and Syph. 44‘873 

(Nov.) I9tl. 


LYMPHOGRANULOMA • 235 



MASTOIDITIS 
/iho see page i^8 

It is eniirely feasible to dose a mastoid wound without drain- 
age if the cavity is filled with sulfanilamide or sulfathiazole, 
according to Livingston.* The author cites 13 cases in which 
he followed this procedure with good results. 

Case I— A. M., a six-year-old boy. was admitted April 10, 1941, 
with a history that indicated right acute otitis media of four 
weeks’ duration following measles. Mastoid swelling had been 
present three weeks. The ear did not drain at any time. Exami- 
nation showed a large fluctuant subperiosteal abscess of the 
right mastoid. The tympanic membrane sras thickened, slightly 
full, and dusky ml. The tempcrainre was normal. The leuko- 
cyte count was 17,000. with 82 per cent polymorplionuclears. 
On April 1 1 mastoidectomy was done, the abscess was evacuated, 
and extensive cellular necrosis tvas encountered. The mastoid 
cavity was fdled svith 2 Cm. of sulfanilamide and the svound 
was sutured without drainage. On the following day the blood 
sulfanilamide level was 0.8 ing. per 100 cc. Mastoid culture 
showed Streptococcus iiemolyticus. At this time sulfanilamide 
was started by mouth at a dosage of 4 Cm. (60 grains) dally in 
six divided doses and was conihiticd for five {Lays. On April 14 
the blood level was 5.6 mg. per 100 cc. The wound at this time 
was clean and liealchy, and it was remarkable for the absence 
of soft tissue re.iction. There w.is a scanty amount of bloody 
drainage from the incision. The ear remained dry. The leuko- 
cytes numbered 8400, svith 64 per cent polymorplionuclears. 
Sutures were removed on April 16, when the wound was found 
to be completely and solidly healed. 

Case 2— C. S., a I5-niontli-old girl, was admitted on May 6, 
1941, with a history of cervical adenliis and fever that began 
three U’eeks earlier. The date of onset of otitis media u’as not 
known. Three days before admission, swelling appeared behind 
the right ear. Examination showed a large fluctuant swelling 
over the right mastoid, temporal, and zygomatic regions. The 
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drum membrane ivas inflamed and bul^ng. There was no drain- 
age from the ear. The temperature was 102.8® F. The leuko- 
cytes numbered 14,100. Sulfanilamide was started by mouth, 
2 Gm. (30 grains) daily, in six dividetl doses. The following day 
at operation a large abscess was es'acualed. The mastoid was 
cellular, moderately broken down, and filled with pus and granu- 
lations. The dura of the middle fossa was found exposed and 
covered with granulations. Sulfanilamide, 1 Gm., was placed in 
the cavity, and the wound was sutured without drainage. Cul- 
ture revealed Streptococcus hemolyticus. For the next 11 days 
the course tvas afebrile, with gradual diminution of swelling, 
and a clean wound which healed by primary- union. On May 12 
the leukocyte count was 6200. At this time sulfanilamide was 
reduced to 1,3 Gm. (20 grains) daily and uasstoppedon May 16. 
On May 18 the temperature rose to 101.2® F.. the leukocytes 
increased to 16,450, and the mastoid became swollen. On the 
following day tite wound opened at one point and drained a 
clear, serous fluid. Sulfanilamide was again gi\en by mouth, 
20 grains daily. The temperature returned to normal. Drainage 
ceased ^^ay 24, when stilfanilanitde u-as stopped. On June 7 
there was again scanty serous drainage hnt no fever. Thereafter 
the ti'ound remained dry and firmly healed. 

Case 3— L. S., a three-year-old boy, admitted on May 9, 1941, 
bad had scarlet fever a month previously, followed by a throat 
abscess, which was incised and drained. After seeming w-ell for 
ten days he complained of left earache on May 5 and had a tem- 
perature of 103° F. The pain and fever persisted. There was 
tympanic rupture on May 8. On ilie morning of admission he 
had a generalized convulsion with tveakness of the right arm 
and leg. The left ear was draining freely. The left mastoid was 
moderately tender. The boy svas scry irritable. The tempera- 
ture was 102.2° F. The leukocy'te count ss-as 9000. Sulfanilamide 
was started, 30 grains daily in six divided doses. Spinal puncture 
yielded clear fluid under increased pressure with 17 cells, Pandy 
negattse, and sugar 87 mg. per 100 cc. The smear and culture 
were negative. Ear culture showed Streptococcus hemolyticus 
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and Staphylococcus albus hemol>ticiis. On the following day 
sulfatliiazole 1.5 Gin. (23 grains) daily was added to the sulfanil- 
amide dosage. The teinperauirc ranged betucenOO'* and 101* F. 
Pain and irritability had disappeared. The car continued to 
drain and the mastoid remained tender. Tl»c daily peak of fever 
did not exceed IQl.G* F. On May 12 sulfanilamide was stopped, 
and sulfathiazole was increased to 2.3 Gm. (35 grains) daily. 
On ftfay 14 swelling of the mastoid was first noted. On May 15 
sulfathiarole was stopped and o]>cration was done on the left 
mastoid. A subperiosteal abscess tvas evacuated. The mastoid 
was cellular, tvith early softening and considerable pus under 
pressure. The sigmoid sinus plate was found dehiscent by 
necrosis, and the sinus wmII was white, thickened, and bathed 
in pus. The cavity was filled with sulfatliiazole 4 Gm. and the 
wound was sutured tvithout drainage. Culture of the mastoid 
yielded Stiejitococcus Iiemolyitciis. Tlic postopcratiic tempera- 
ture ranged from normal to 101. G* F.for two days, then remained 
nonnal for four days, then rose to 100.6* F. on May 20, 101.4* F. 
on May 21, 102* F. on May 22, and 100.8* F. on May 23, and 
remained normal continuously thereafter. On the day after 
openttion (he dressings were found soaked with a serosan- 
guincous disdiarge. The wound appeared clean and healthy. 
Drainage was from the svoiind and ear. It was thin, dear, and 
slightly blood tinged. This drainage diminished gradually and 
ceased on the fifth day, when the sumres were removed. Sulf- 
anilamide 30 grains daily svas gis'en during the febrile period 
from May 20 to May 22. TJtc patient svas disdiarged on May 24 
with the w’ound completely healed and dry, the ear dry, and the 
temperature normal. 

Case 4— J. P., a four-year-old g:irl, was admitted on May 22, 
1941 , wish a UiuoTy of measles arwl paiu in tlte left ear ten weeks 
earlier. There svas no drainage, and the pain subsided in a few 
days. A month later pain in the left car recurred, w'ith spon- 
taneous rupture, followed by continuous drainage until admis- 
sion. Examination showed a profuse punilent discharge from 
the left ear and tenderness over the mastoid, with periosteal 
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thickening. The temperature was normal. The leukocyte count 
was 15,600. SuUathiazole was given on the first day, but was 
stopped on the following day, when ear culture shoived Strepto- 
coccus hemolyticus. Sulfanilamide svas given 30 grains daily in 
six divided doses until June 7. On May 24 the temperature 
rose to lOi® F., on May 25 it was 100.2® F., on May 26 it was 
101“ F. Mastoid operation on May 26 disclosed a cortical fistula 
and nearly complete necrosis of all cells. The sigmoid sinus 
and dura of the middle fossa were found exposed and covered 
by thick granulations. Sulfanilamide 2 Gm. was placed in the 
cavity, and the wound was sutured without drainage. The entire 
postoperative course was afebrile. At dressing on the first day 
a large amount of thin, bloody fluid was found oozing through 
the incision and from the ear canal. This diminished rapidly 
and ^\’as practically dry on May 30. Sutures were removed on 
the next day, when the wound was seen to be dry and firmly 
healed. Scanty serous drainage from the ear continued until 
JunelO. There has been none since. 

Case 5— J. G., a six-year-old girl, admitted on May 22, 1941, 
had had measles two months previously, followed by chicken- 
pox two weeks later, when bilateral earache appeared, with 
spontaneous rupture. The left ear drained for three weeks; the 
right continued until admission. Right mastoid swelling ap- 
peared on May 21. Examination revealed profuse purulent 
drainage from the right ear and slight swelling over the right 
mastoid. The temperature was J0J.2® F. The leukocytes num- 
bered 14,900. Sulfathiazole was started, but was changed to 
sulfanilamide 3.25 Gm. (50 grains) daily, when on the follow- 
ing day culture showed Streptococcus hemolyticus. The tem- 
perature became normal. Operation on the right mastoid on 
May 26 disclosed a subperiosteal abscess, extensive cellular 
necrosis, and a perisinal abscess. Stt/fanihuntde 2 Gni. «'as placed 
in the cavity, and the wound was sutured without drainage. 
Mastoid culture yielded Streptococcus hemolyticus. On the first 
postoperative day the dressings were soaked svith a large amount 
of blood-tinged serous fluid. This came from both the wound 
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and i}je car. The mastoid svas greatly swollen by a large hema- 
toma. The swelling and drainage diminished progressively. Tlie 
sutures were removed on May 31. At this time the temperature 
rose to 102.3° F. and a generalized eruption was seen. Since this 
was recognized as a toxic drug reaction, sulfanilamide t'as 
stopped. The temperature was normal the next day. On June 4 
the wound was dry and healed, and all swelling had disappeared. 
There was no discharge from the ear. 

Case G—U. K.. a six-year-ol<l l>oy, was admitted on May 24, 
1911, with a history of a dischaigc from the right ear for three 
weeks and a mastoid swelling for ten dajs. Examination showed 
a fluctuant, tender spelling over the right mastoid and profuse 
purulent drainage from the right ear. The temperature was 
normal. The IcuLoc>ie count was !r»,I00. At operation on May 
2G a large subperiosteal abscess was evacuated and a necrotic 
cellular mastoid was found. Suirnnilamidc 2 Gin. was placed 
in the cavity, and the wound wassumretl without drainage. Ear 
and mastoid evdtures showed Streptococcus hcmolyiicus. The 
entire course was afebrile. Sulfanilamide was given by mouth, 
40 grains daiU, in divided doses, beginning on May 27, for four 
days. There vsas a consi<ler.il)lc amount of serosanguineous drain- 
age from the wound and car, which decre.ised progressively. 
The wound was healed and dry on May 31, There W’as scanty 
bloody discharge front titc ear, which ceased itvo da>s later. 

Case 7— A. S, a foiir-year-o!d Imy, admitted May 28. 1911, 
had been sick for four days with a cold, fever, and cervical 
adenitis. He had a convulsion on the day of admission. The 
left ear was then draining profusely. The right drum membrane 
was inflamed and sliglitly full. Tlie temperature was 101.2° F. 
The leukocyte count was 12,250. Sulfanilamide vtas started, 40 
grains daily in four divided doses. The temperature continued 
to rise to about 101° F. daily. Right myTingntomy on May 31 
yielded pus, which drained for four days. The left ear continued 
to drain profusely. Sulfanilamide was reduced to 30 grains daily 
on June 3 and was stopped on June 5. There was about 1° 
elevation of temperature from June 3 to June 7. Sulfanilamide 
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40 grains daily was resumed on June 7 and continued until 
June 14. Duringthisperiodthereivasnofever. Roentgenograms 
showed a well pneumatized, normal mastoid on the right side. 
The left shotted extensive coalescence. Ear culture yielded 
Streptococcus hemoly ticus. On June 14 the left mastoid became 
tender. On June 16 left mastoidectomy tvas done. The entire 
mastoid was necrotic. The cavity was filled with sulfanilamide 
2.5 Gm. and the wound sutured without drainage. Mastoid cul- 
ture showed Streptococcus liemolyticus. On June 17 the blood 
sulfanilamide le\el was 1.5 mg. per 100 cc. There was a great 
deal of serosangiJineous drainage from the wound and ear, which 
diminished only slightly during the next ten days. During this 
period the patient was afebrile. On June 27 the temperature 
rose to 103.2° F., the mastoid became swollen and tender, and 
the ear discharge tvas frankly purulent. On the following day 
two fistulas appeared in the wound, draining pus. Daily sulf- 
anilamide irrigations through the upper fistula t\ere started 
according to the method described by Herrell and Brotrn. This 
consists of a suspension of 2 Gm. of sulfanilamide in 100 cc. of 
aqueous 0.8 per cent solution of sulfanilamide. Little if any 
of the crystals left the syringe, however, so one must assume that 
the fluid contained only 0.8 per cent of the drug. From this time 
on the temperature remained normal. Drainage from the wound 
and ear diminished slowly. The wound was healed and dry on 
July 18. The ear was dry two days later. This is the only case 
of this series in which purulent drainage occurred after operation. 

Case 8— A. H., a six-year-old girl, who was admitted June 4, 
1941, had had seseral attacks of bilateral acute suppurative otitis 
media in the p.ist six months, whicli had resolved without com- 
plications. The present sickness began three weeks previously 
with a cold, pain in the left ear, and spontaneous rupture. Mas- 
toid svioiiing appeared a vietk later. Ear drainage stopped three 
days before admission. Examination showed a subperiosteal 
abscess over the left mastoid and zygoma. The drum membrane 
was red and bulging, but there rvas no discharge. The tempera- 
ture rvas 100.4° F. The leukocyte count was 10,300. OnJuneB, 
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at operation, a large subperiosteal abscess was drained. The 
mastoid was cellular and extensively necrotic. Sulfanilamide 
4 Gm. was placed in tlie cavity, and the wound was sutured with- 
out drainage. Culture showed Streptococcus hemolyticus. No 
sulfanilamide was gisen by mouth at any time. Tlie sulfanil- 
amide blood level on the day after operation was 4,7 mg, per 
100 cc. On the third day it was 0.95 mg. The entire postopera- 
tive course was afebrile. There tvas profuse serosanguineous 
drainage from the tvound and ear, which diminished progres- 
sively. On June 14 all swelling liad disappeared, the wound was 
dry and healed, and the e.ir had stopped draining. 

Case 9— A. T., a seven-year-old girl, admitted on June 1 1, 1941, 
had had suppuration of the right ear, with scarlet fever two yeais 
previously. At that time a subperiosteal abscess had been drained 
without mastoidectomy. The ear has drained intermittently 
since. Six weeks before admission, following a cold, the ear 
began to drain profusely and swelling appeared in front of the 
ear. This subsided in a few days, btit reappeared three days 
before admission. Examination showed a tender, nonfluctuant 
swelling over tlie right zygoma. There was scanty purulent 
drainage from the ear tlirough a large central perforation of 
the pars tensa, Tlic temperature tvas 101.2“ F. Tlie leukocy’tc 
count was 12,200. During the next two days the swelling spread 
to the temporal and mastoid regions and became fluctuant. At 
operation on June 14 a large subperiosteal mastoid and zygomatic 
abscess was evacuated. The bone showed advanced necrosis 
throughout. There was no evidence of previous mastoid surgery. 
No cholesteatoma was found. Sulfathiazole 3 Gm. was placed 
in the cavity and the wound was sutured without drainage. Cul- 
ture yielded Streptococcus hemolyticus. There was considerable 
drainage of bloody serous fluid from the wound and ear for two 
days. This then diminislied rapidly. On June 23 the wound was 
healed. Scanty serous drainage continued from the ear for eiglii 
days. The entire course was afebrile. 

Case 10— N. C., an eight-year-old girl, admitted on June 29. 
1911, had had chickenpox five weeks previously, followed by 
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measles. The right car nipiured spontaneously three weeks 
before admission. The patient then had a high fever and was 
given stilfathiazole for one week, when the temperature became 
normal, remaining so until tsvo da^s before admission, when 
it rose to 102® F. The ear discharged profuscl) throughout. 
On admission, the right mastoid n-as quite tender. Roentgeno- 
grams showed a large-celled mastoid with signs of early coales- 
cence. The temperature was 102.6° F. The leukocyte count 
was 14,800. The temperature rose to 101° F. dad) until July 2, 
when right mastoidectomy was done. Extensive necrosis was 
found. Sulfathiazole 2.5 Cm. was placed in the cavity and the 
wound was sutured without drainage. Streptococcus hemol) ticus 
and Staphylococcus ameus were^ found in cultures of tlie aural 
discharge. Culture of ifie mastoid pus showed the streptococcus 
alone. Tfie temperature rose to 10 1. 6® F. on the first postopera- 
tive day to 100.8® F. on the second and then returned to normal. 
There was moderate blood-tinged serous drainage from the 
wound and ear. Tiie wound was dry on the fourth dav On 
the seventh the temperature was 101° F. A small quantity of 
serous drainage issued from the lower end of the incision. The 
test of the course was afebrile. The ear remained dr). The 
wound was dry and finnly healed two da)s later and has re- 
mained so. • 

Case II— E. C., a 3i/^-year-oId boy, was admitted on July 2. 
1941, with a history of p.im in the left ear one week previously 
and spontaneous rupture on the same day. Mastoid swelling 
appeared four days later. Examination show’ed a fluctuant swell- 
ing over the left mastoid and profuse purulent aural dischatge. 
The temperature was nonnak The leukocyte count was 15,400. 
Sulfathiazole 30 grains daily was given from July 2 to July 4. 
At operation on July 4 a subperiosteal abscess was evacuated. 
Tfie mastoid was small celled with scanty necrosis. The lateral 
sinus was found exposed 1 cm. below the knee and was covered 
with thick granulations. Further exposure to the normal sinus 
wall showed the granulations to extend 4 cm. posterior to the 
knee. Sulfathiazole 2 Cm. was placed in the cavity and over 
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the exposed sinus. The wound was sutured without drainage. 
Cultures of pus from the ear and mastoid yielded pneumococcus 
type 1. Since the extensive sinal granulations did not seem com- 
patible witii an car infection that had begun only a week earlier, 
the parents were questioned as to previous ear infection. It was 
then learned that the ciiild had had measles in March, with left 
earache for a few days, but no drainage. It svas assumed, there- 
fore, that the first attack of otitis media initiated the pcrisinal 
invasion. The postoperative course svas afebrile. There was 
scanty blood-tinged serous drainage from the wound and the 
ear for three days. The sutures were removed on tlic fourth day, 
when the patient was discharged with the wound healed and 
the ear dry. 

Case 12— M. K., a thrce-ycar-old girl, was admitted on July 2, 
1941, with a history of right otorrhea for two weeks and mastoid 
swelling for three days. Ex.amination showed a fluctuant swell- 
ing over the right mastoid and z>goma and profuse purulent 
drainage from the car. The temperature was normal. The leuko- 
cyte count was 14,700.. Stilfaihiazole was given, SO grains dailj 
for two days. At operation on July 4 a zygomatic mastoid abscess 
tras drained and moderately advanced necrosis of the cells was 
found. Sulfathiazole 2 Cm. was placed in the cavity and the 
wound was sutured without drainage. Cultures of pus from 
tiie ear .and ni.nstoid produced Sticptococcus hemolytiats. Tlie 
postoperative course was afebrile. There was scanty ear and 
wound drainage for three da^s. Tlie sutures were removed on 
the fourth d.iy, iilien (he wound was found healed and the 
ear dry. 

Ca.se 13— L. R., a 17-monih-old giil, i\as admitted on July 5, 
1941, uith a history of right ear discharge for two and one-half 
weeks. Mastoid swelling appeared two days before admission. 
Examination showed a fluctuant swelling over the right mastoid 
and profuse purulent aural discharge. The temperature was 
normal. Theleukoc>tesnumbercd6100. At operation on July? 
a subperiosteal abscess was drained and necrotic cells were exen- 
terated. Sulfanilamide 2 Gm. was placed in the cavity and the 
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^v'ound was sutured without drainage. Cultures of the mastoid 
pus yielded Streptococcus hemolydcus. The postoperative course 
sras afebrile. There rvas moderate bloody drainage from the 
wound and ear for three days. Sutures tvere remor'ed on the 
fifth day, u’hen tlie ear rvas dry. There tras a 1 cm. separation 
of the skin margins at the middle of the tvound, but no drainage. 
The rvound tvas completely healed on the eighth day. 

REFERENCE 

1. LimcsTON, G. S ; J. A. M. A. J17.1081 (Sept.27) 1941. 


MENINGITIS 
Seepage 1^2 


MENINGOCOCCIC INFECTIONS 
Lepper, Sweet, and Dowling' report on the use of sulfadiazine 
and sulfamerazine in 118 cases of meningococcic infections. 
Sulfadiazine was the mainstay of treatment in 96 cases with ten 
deaths. One-half of these deaths occurred within the first 24 
hours after admission. Eight of these patients recei\ed serum 
in addition. Twenty-tw’o cases were treated with sulfamerazine 
mth two deaths, neither dying within 24 hours. Three cases 
in this group received serum in addition to the sulfiimerarine. 

The response to therapy in the sulfadiazine cases in which 
survival occurred has varied from dramatic to satisfactory. The 
lime taken for the patient to become rational and tlie tempera- 
ture to become normal has been spread over a rvide range, the 
extremes being 0.25 to 6.75 and 0.0 to 12.0 da>s and the aver- 
ages 0.48 and 2.7 days respectively. 

The most significant complications of sulfadiazine therapy 
as well as the commonest have been urinary in nature. The 
criteria which we recognize as diagnostic of urinary lithiasis are 
renal colic, gross hematuria, and pronounced unexplained oli- 
giiii.'} or anuria ^vith or without azotemia or any combination 
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Tabi j- 1 — Sevtrity of Illness and Results or TRE^muNT of 
Meninoococcig Meningitis TurATFD ivtth Sulfa- 
diazine AND SULTAMERAZINF. 
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of these. There have been ten cases pieseming one or more of 
these findings. In six of these cases symptoms developed at a 
time at ivliicli the drug could be discontinued safely. In all six 
cases an lines entfiil subsidence of symptoms occurred u’hen this 
was done and fluids were forced. In cases in which further treat- 
ment of the infection svas required the sulfonamide dosage ivas 
maintained, decreased, or temporarti) interrupted, depending 
on the blood sulfadiazine level. Fluids were forced and attempts 
at alkalization were made with prompt and satisfactory recover) 
from renal symptoms. In only one case was cystoscopy needed. 
This uas done on the third day of therapy and the drug was 
reinsiituled in low dos.ige after a 24-hour interval. 
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Table 2 — Relationship of the Date of Onset to Severity of 
I i LNESS ANO Prognosis 
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Other toxicities from sulhtdiazine hare included three in- 
stances of rash with fever, two instances of fever alone, and one 
instance of rash and conjunctivitis. One patient developed a 
transient leukopenia. 

In addition to the foregoing patients, since March, lO-iS, an 
attempt has been made to evaluate sulfamerazine by giving 
alternate patients this drug and sulfadiazine. To date this study 
is unfinished but, as seen in table 1, 22 cases liave been treated 
with each drug with tuo (9.1 percent) deathsineachseries.The 
age distribution was approximately the same in the two groups. 
The severity of cases as measured by presence of coma, dextrose 
content of Uie fluid on admission, and the number of organisms 
in the initial smear showed that those patients who received 
sulfadiazine were slightly more ill. The somewhat more rapid 
response in patients who survived after receiving sulfamerazine 
may be correlated with their being less seriously ill. Only one 
person in tJie sulfadiazine group received serum. Three sulfa- 
merazine-treated patients have also received serum. 

Three sulfameraiinC'tTeated patients had kidney complica- 
tions as defined. Onerequiredcystoscopy. The others responded 
favorably to conservative treatment. Two instances of rash and 
fever, tiro examples of fever alone, and one instance of leuko- 
penia have occuired with sulfamerazine. 
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Senim; As shou’n in table 1, II patients leceivcd serum. The 
only patient in the entire scries svho received serum intraspinally 
did so in another hospital immediately after the diagnosis. One 
other patient also received serum before admission. The course 
of these nvo patients tvas not dilFercnt from the course of those 
who received no serum. One patient whosxas in diabetic acidosis 
was given scrum ns soon as the initial dose of sodium sulfadiazine 
was completed. However, the patient died svithin eight hours. 
Eight other patients received serum after having failed to respond 
to sulfonamide therapy in the first 24 to 48 hours. Four of these 
continued to fail and die<l. Four of these patients survived. In 
two it was felt that the recovery was definitely related to the 
administration of the scrum in tltat a prompt improvement 
followed. In the other patients who recovered, the actual value 
of the pan played by die serum in influencing the outcome is 
questionable. Four of the six surviving patients developed mild 
serum sickness. 

OI the three cases of meningococceraia without evidence of 
meningitis, one presented an acme onset of petechial rash and 
high fever and the other tuo showed a maculopapularrasii. joint 
pains, and fever. The first paiiem was treated with sulfadiazine 
with rapid subsidence of symptoms and no complication. The 
other two patients had recovered spontaneously by the time the 
diagnosis was established. They were observed for a prolonged 
period and were discharged in good condition. 

Table 2 shous the effect of time of onset of the diseases as the 
epidemic progressed on the incidence, severity, and recovery. 
From January 1, 1942, to June 30, 1912. there were 28 patients: 
from July I, 1942, to December 31, 1942, there were 22 patients, 
and from January 1, 1943, to May 31, 1943, there were 67 
patients. 

In the first time interval there were three (It).*? per cent) 
deaths, in the second interval three (13.6 percent) deaths, and 
in the tliird period six (8 J per cent) deaths. It is seen, therefore, 
that no significant increase or decrease in mortality has occurred. 
On the other hand, the average duration of coma after treatment 
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and of average time taken for temperature and cell count to 
return to the standards used have shoivn a prolongation in the 
more recent cases. The average duration of coma for the last 
tu'o periods are both significantly greater than that for the initial 
interval, but the difference between these two compared with 
each other is not. The same statistical relationship holds for the 
average times for the temperature to return below 101” F. and 
the cell count to return below 30 cells per cubic millimeter. There 
has also been an increase in the percentage of patients admitted 
in coma. In the first six months eight (28.6 per cent) patients 
ivere admitted in coma. In the next six months there irere ten 
(43.4 per cent) patients and in the last five months 31 (46.4 
per cent) . 
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MILITARY MEDICINE 

The lessons that have been learned from civilian use of sulf- 
anilamide during the past few years have not been lost as far 
as military medicine is concerned, says Matuska,^ and the armies 
of the world are using sulfanilamide powder and tablets as a 
part of the first-aid equipment of the individual soldier. The 
w’ounded soldier himself is being trained to open the package 
of sulfanilamide and pour it into the open w'ound. For penetrat- 
ing wounds it has been suggested that a sulfanilamide pencil 
be devised, that could be thrust into the punctured track made 
by a bullet.' If the soldier is unable to do so, it can be done by 
the Utter bearer or a nearby companion. Sulfanilamide has been 
the drug of choice, as it does not tend to cake as do some of the 
other sulfonamides when sprinkled into a wound or into a serous 
cavity. 

In previous svars greater numbers of men lost their lives as 
a result of disease than as a fesult of bullets. It is likely that this 
svill be the first war in svhich more men svill be killed by bullets 
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that one can see than by bacteria that one cannot sec with tlie 
unaided e>e, and this difference may in a large degree be the 
result of the use of sulfonamkles. 

D)scntery has always been the cause of many deaths in previous 
wars, and it is also a disease to be reckoned with in this u’ar, 
due to dilTicuIty with water supply and other problems that are 
a result of tbe mobility of modem warfare, and die rapid ad- 
vances (and in some cases the rapid retreats wliich we hope are 
now at an end) . However, chemotherapy with one of tlie sulfon- 
amides, in tJiis case sulfaguanidine, lias completely revolution 
i/ed tlic treatment and prognosis of bacillary dysentery. Sulfa- 
guanidine appears to be quite as effective in the treatment of 
bacillary dysentery, accoiding to a report by Lyon, as sulfanil- 
amide is in the treatment of some streptococcal Infections, or as 
elective as sidfathiazole is in pneumococcal infections. 5nlfa- 
guanidine seems to he equally effective against all strains of the 
sarious kinds of hacillaiy dysentery, and most striking results 
have been seen in cases of Shiga and FIcxner bacillus strains 
One may well suppose, in viesv of this, that sulfaguanidinc may 
become important in this war, possibly in its use in extensue 
abdominal injuries sustained hi battle. 

In the treatment of surgical and orthopedic conditions occur- 
ring as a result of b.ittles or bombs, the sulfonamides seem to be 
at least one nnssver to the surgeon’s prayer. Experience gained 
from tile casualties wbicli occurred during the raid on Pearl 
Harbor revealed acutely injured patients, treated under pres 
sure, by a small group of American-trained surgeons, in a small 
space, in a brief time, with excellent results. Tlie lessons learned 
fortified the previous opinion of many surgeons, and others 
have been helped to learn that there are now asailahle teruim 
adjuncts to therapy of the greatest value which, if ividely used. 
mh do much io reduce morhjdhy and mortnUty of a wide variety 
of battle casualties. 

At Pearl Harbor, l.ong reports that amputation stumps were 
seen that were made in a hurry by the guillotine metlind, and 
the end frosted over with sulfanilamide crystals, and tlicn cosered 
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over witli vaseline gauze. Seven weeks later one case was drain- 
ing serum, all the others had healed completely and were tightly 
closed. Nine weeks after injury the stumps were ready for an 
artificial prosthesis. In our mind’s eye we can compare that 
with the last war, where there were periods of protracted sup- 
puration from die amputation stumps, with long physical dis- 
ability with its resultant mental strain, before the stump was 
ready for an artificial limb. Parenthetically, it was interesting 
tonoieat Pearl Harbor that even though large amounts of sulfon- 
amides ivere used locally and by mouth toxic reactions tvere rare, 
and only one case of probable drug fever was seen. Even though 
a serious toxicity is infrequent, it is nevertheless advisable that 
the medical officer be on the alert for the warning signs of a 
possible sulfonamide intoxication, such as a sustained fever after 
a period of normal temperature, decreased white count with 
decreased polys, skin eruption, and the like. 

At the Naval Hospital at Pearl Harbor the majority of the 
compound fractures that were seen were found to involve the 
tibia or fibula or both. These were thoroughly cleansed, d^* 
brided, fractures reduced, wounds sprinkled with crystalline 
sulfanilamide, covered with \'aseline gauze, and plaster casts 
were applied. Sulfathiazole or sulfanilamide was given by mouth 
for four to ten da)S, It was found that infection was largely 
prevented, the bones in the lotver leg remained in good position, 
and evaciwtion was simplified. Seven weeks later there was no 
evidence of osteomyelitis of the long bones, and three cases in 
which there ivas a mild infection in a joint. These achievements 
u'ould not have been anticipated prior to the adteni of the 
sulfonamides. Long suggests that prophylactic doses of tivo or 
three tablets every four hours be given in all severe cases of 
crushing injuries in which infection with streptococci or gas 
bacilli might subsequently occur. 

Tlie sulfonamides will probably also come info more general 
use in burn cases. Tlie tannic acid method of treating bum 
cases is still favored in military medicine, because of its ease of 
application when there are large numbers of cases to be treated 
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nose and throat examination. Intrnnasally, tiie mucous mem- 
branes were clironiailly Inflamed. Mtiropus was seen in each 
middle meatus and on eacli nasal floor. The left middle turbinate 
was hyjiertrophied and boggy. X-iay examination sliosved a 
diffuse clouding of each antrum. Diagnostic lavage of each 
antrum gave a return of white flocculent mucus and pus. Imme- 
diately following the irrigation, her headache ceased. Were she 
a better risk, radical surgery would be indicated. Bisveekly an- 
trum irrigations, followed by instillations of sulfallantoin solu- 
tion over a period of four weeks, have resulted in a marked 
decrease of pus in each sinus. Examination at this time reveals 
a bealtbier-looking mucosa. No discharge is seen and in addition 
the left middle turbinate ap|>earv moic normal in sire. Sympto- 
matically, the headaclies have entirely disappeared and there 
has been a lessening of postiias.il discharge and cough. 

Casf 2— This man has complained of n.is.i! obstruction, post- 
nasal discharge, irritative cough, and fretpteni colds. He very 
often suffers from dull headaches, tires easily, and lacks the 
stamina to cairy on Ins nork. Intranasal examination reveals a 
chronically inflamed mucosa. All turbinates are hypertrophied 
and boggy. A large amount of pus Is seen on each nasal floor. 
X-ray examination sliows a marked diffuse clouding of each 
maxillary sinus Diagnostic lavage of each antrum gave a return 
of pus. Repeated irrigations over a period of several weeks failed 
to give the desired results and a hiiaicra) imranasal antrotomy 
uas considered. However, instill.itions of sulfallantoin solution 
have resulted in an improvement and. therefore, operative pro- 
cedures arc being postponed. In addilion to our biweekly instil- 
lations, the patient sprays his nose with sulfallantoin twice daily. 

Case 3— This p.uieiit Imd an attack of acute pansinusitis of one 
week’s duration. At the start there was a slight elevation of tem- 
perature, malaise, and headaches. The nose became completely 
blocked, and after several days a mucopurulent dischai^e de- 
veloped. Examination intranasally revealed an acutely swollen 
mucosa bathed in inucopus. At first relief was obtained by 
shrinking the nasal mucosa with epliedrine and weak cocaine 
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solution. Later, he was given daily sinus displacement treat- 
ments with sulfallantoin solution. This resulted in a marked 
improvement of both subjective and objective symptoms. Treat- 
ment tvas continued by intranasal sprajing with the drug and 
this resulted in complete recovery. 

Case 4— This patient had an acute exacerbation of a chronic 
sinusitis and \asomotor rhinitis. At this time there was a marked 
swelling of the nasal mucosa rviih a serous and mucous discharge. 
Nasal breathing rvas impossible. This condition U’as deemed too 
acute for immediate displacement therapy. The stvoHen mucosa 
was treated with a vasoconstrictor, followed by instillations of 
sulfallantoin solution. Improvement followed daily treatment. 
In this case it was difliciilt to decide whether relief from the 
aaue symptoms ivas due to the vasoconstrictor used or to a 
combination of both medicaments, as vasoconstriction always 
improves vasomotor swellings. 

Case 5~This patient complained of pain in her left cheek, left- 
sided headaches, and a profuse nasal discharge, chiefly on the 
left side, following an acute cold. Intranasal examination on 
the left side showed an inflamed and swollen mucosa. Mucopus 
was seen in the middle meatus and nasal floor. X-ray examina- 
tion revealed a diffuse clouding of the left antrum with some 
thickening of the lining mucosa and also a slight involvement 
of the right antrum. As this patient was previously treated for 
a similar condition, the diagnosis of an acute exacerbation was 
made. Sulfallantoin solution spra>ed into the nose several times 
daily was followed by some amelioration of the symptoms. As 
the very acute symptoms subsided, the antrum was irrigated and 
sulfallantoin solution introduced directly into the sinus. This 
was repeated daily and after several days recovery was rapid. 

Case 6— This patient is a young child who catches frequent 
ojWv. IWren seen an (he thitxi day a£cer onset, the msal rrrern- 
branes were swollen and there was a serous discharge. No general 
medication was given. Sulfallantoin solution was instilled into 
the nose several times a day with the head extended. The swell- 
ing decreased, breathing was easier, and the general symptoms 
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soon subsided. Compaiiug this therapy U’ith the metliods 
formerly employed a shorter duration of the acute cold was 
noted. 

Case 7— This patient’s sinus history is of many years’ duration. 
Six years ago he had a submucous resection of his nasal septum. 
A. year later a bilateral intranasal antrotomy was performed. 
He now complained of alternate nasal obstruction, postnasa! 
discharge, and an irritative cough. Headaches and malaise were 
frequent. The nasal mu<x)sa was dry and tltc middle turbinate 
hypertrophied. The antral windows were almost completely 
closed. Transillumination showed both antra to be dark. He 
was given a scries of biweekly dispbeement treatments with 
sulfallantoin solution. The postnasal mucus soon became thin- 
ner and less tenacious, and later considerably lessened. The 
cough subsided. As the turbinates reduced in sire, the breathing 
became easier. Following the termination of the displacement 
treatments, he continued to spray his nose daily u’ith the solution. 

Case 8— This patient had an acute cold which lasted longer 
than usual. He developed headaches and the general feeling of 
malaise did not leave him. Examination of his nose revealed a 
red and swollen mucosa with a large amotmt of mucopus in eaclt 
side. A diagnosis of acute sinusitis following a cold tvas made. 
He was given a series of three displacement treatments with 
sulfallantoin solution. ThisresuUedin a complete disappearance 
of his symptoms. 

Case 9— This patient had a deviated nasal septum and a left 
chronic maxillary sinusitis. X-ray examination showed a thick- 
ening of the mucosa lining the left antrum with granulations. A 
submucous resection and a left intranasal antrotomy were per- 
formed. At the conclusion of the operation sulfallantoin powder 
was insufflated into die antrum. Tliis was repeated every other 
day. The convalescent period vias considerably shorter than 
usual for this type of operation. Tlie discharge from the sinus 
rvas less than is usually seen and recovery was complete in a 
shorter time. 
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Case 10— This patient had had intermittent attacks of bilateral 
maxillary sinusitis. His chief complaints had been profuse nasal 
discharge, thick tenacious postnasal discharge, and a dry cough. 
Dull headaches accompanied the attacks. Antral lavage produced 
white flocctilent pus and seemed to result in some improvement. 
However, it was felt that simple irrigations were not enough 
and could not lead to a permanent cure. Before advising radical 
surger)', it ws decided to give a series of treatments tdth sulfal- 
lantoin. Using a combination trocar-rasp in each inferior meatus, 
an opening into each antrum rvas made. This svas large enough 
to permit the introduction of a canula through which the sinus 
ivas irrigated. Follosving this it was dried as thoroughly as pos- 
sible by blowing in warm air. Next a eusiachian catheter was 
placed in the sinus and sulfallantoin powder insufflated by 
attaching the powder blower to the catheter. Rotation of the 
catheter insured the deposit of the sulfallantoin powder in all 
parts of the sinus. Through this windorv' powder tvas blosm 
into the sinus every other day. A great improvement in the 
symptoms was soon noted and radical surgery has been indefi- 
nitely postponed. 
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NEPHRITIS 

Despite the fact that sulfonamides cause damage to the urinary 
tract, they have been used with benefit in patients who already 
have renal damage. Thus, 'Williams, Longcope, and Janeway^ 
recommend the use of sulfanilamide in the treatment of acute 
glomerulonephritis. These authors claim that patients with 
acute nephritis treated svith sulfanilamide improve much more 
rapidly than those not so treated. Furthermore, their incidence 
of recoveries ^vas greater and the number of patients pursuing 
a progressive course was less in a group treated with sulfanilamide 
than in a control group. 
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Hclniliolz® used minimal doses of sidfoiiamides on n patient 
•with marked deformity of the urinary passages and chronic 
urinary infection after a largedosess'as not tolerated. The patient 
was treated with sulfathiarole for infection of Escherichia coli. 
The infection w-as cured sviih doses of 0.25 Gm. six times a 
day, but pseudomonas infection appeared in its place and re- 
mained up to the lime the article was written. Howe\er, the 
patient’s general condition was much improsed. This article 
shows that although\an average clinical dose may not be tolerated 
a smaller dose may bring about improvement. 

Fishberg^ believes that even in a rase of previous renal damage 
complicated by infection, the danger from the latter may be 
so great that an appraisal of the risks of the primary disease and 
the drug administration indicates that the sulfonamide should 
be used. He reports a case in which swlfailuarole was adminis- 
tered with prob.ibly lifesaving effects to a girl with lohar pneu 
monia and long-standing azotemia due to chronic pjelonephritis 
Rena! insufficiency, he says, may inotlify three of ilic mechanisms 
by svhicli sulfonamides produce untoward efTetis. The dimm 
ished concentration ability lessens rather than increases the 
risk of precipitation of the sulfonamides in the urinary passages, 
k may reduce the possibility of danwge to the renal parench>nia 
by nephrotoxic agents, as such direct ciicmica! damage was 
absent in the patients with lenal damage who were seen by this 
author. Smaller amounts of the drug arc needed, as high blootl 
levels are maintained longer in {Kitients with previous kidney 
trouble and i esul tan t slosver excretion. 
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SULFONAMIDE THERAPY IN OPHTHALMOLOGY 

Treatment of staphylococcic conjunctivitis, according to 
Fritsche,‘ is varied and consists of the usual antiseptics, applica- 
tions of two per cent siher nitrate to the conjunctival surfaces 
of the lids, massage of the lids to express the meibomian glands, 
and use of hot compresses. In occasional cases, fite percent silver 
nitrate produces results when two percent fails. 

Before the advent of sulfonamides, the use of staphylococcus 
toxoid and taccine was the most satisfactory treatment for stub- 
boni cases and still should be used in severe or refractory cases, 
because it will cause a generalized antibody response as well as 
desensitize the individual to the toxin. Staphylococcus anti- 
serum has been used with some success, but the average case 
hardly warrants its use. hfassage of the lids in conjunction with 
three per cent ammoniated mercury ointment was very helpful, 
although more recently the sulfathtazole powder and now the 
ointment in five per cent strength seem preferable. Many cases 
respond to this dramatically, others in lesser degree, and some 
show no response at all. Some cases seem to show slower response 
to this drug during recurrences, indicating the ability of some 
strains to develop a tolerance to the drug. Rarely an individual 
may shovv a reaction to the drug with an exacerbation of symp- 
toms, usually an increased inflammation of the conjunctivae and 
lids, with lessened discharge. This condition improves rapidly 
when the drug is withheld. The suIFathiazole ointment should 
be used frequently, up to eight times dally, and should be accom- 
panied by gentle massage of the lids in chronic cases. Severe 
cases and those that have a tendency to recur should be treated 
with the vaccine or toxoid in increasing doses to establish an 
antibody titer sufficient to cure or improv'e the disease. Those 
cases which occur during the course of sties or chalazions usually 
respond to treatment of the primary condition. The serobacterin 
preparation containing both the antigen and the antibody seems, 
in the author’s experience, to be the preparation best suited for 
the treatment of severe cases, especially those complicated vvith 
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keratitis or catarrhal ulcers. This preparation is marketed in 
the form oi the combined serobacterins o£ several strains o£ 
staphylococci and streptococci. In milder cases the toxoid or 
vaccine is sufficient to build up an antibody titer and also has a 
foreign protein effect. 

Those cases complicated by the superficial corneal epithelial 
defects, if painful, may be treated by closing the e>c with a 
patch, provided the discharge is scanty and the pad is removed 
frequently for treatment witlj hot applications, cleansing, and 
instillation of antiseptic or sulfathiazole ointment. 

Cases of catarrhal ulcer are treated as for severe uncompli- 
cated staphylococcic conjunctivitis. In addition the ulcers should 
be cauterized tvitli trichloracetic acid or other strong antiseptic, 
using Gifford's corneal probe with a wisp of cotton which is 
sparingly dipped into the acid. Atropine or other mydriatic is 
instilled when indicated and can be prescribed in a cod-liver base 
which supplies the benefits of vitamin A locally. 

Bacteriophage has been used with some success. It may cause 
an exacerbation of symptoms during the first d-ty of use. The 
author's limited experience with it did not wanant its use in 
preference to the sulfathiazoleor toxoid. 

Scobee, in a series of 18 cases of recurrent staphylococcic con- 
junctivitis, had secured improvement in all cases using I to 5000 
aqueous solution of zephiran four times daily and weekly mas- 
sage of the meibomian glands. 

Julianelle, Boots, and Harrison, using toxoid as sole treat- 
ment in 30 cases of staphylococcic eye infection, concluded that 
toxoid is not .in effective method of treating presumably staphylo- 
coccic eye infections. 

Only ten of their cases showed improvement during the treat- 
ment and 13 cases were asymptomatic after six months. 

Presumably, a sensible approach to the treatment of staphylo- 
coccic conjunctivitis is not any one remedy for all cases, but 
different treatment or that combination of treatment which 
seems most suitable for caclr case. The elimination of local foci 
as mcibomitis or infection in pseudoglands of Henic arc im- 
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portant. Massage of the Jids is helpful, especially if used in con- 
junction with antiseptics or sulfathiazole ointment. Probably 
the value of toxoid is also increased if some of the stagnating 
pockets of staphylococci are expressed from these glands at the 
time the antibody titer is rising. It is possible that dental infec- 
tion may act as a sensitizing factor to the toxin in rare instances. 
The use of vitamin A has been claimed to cure some cases of 
asthenopia, and it is p{»sible that some of these cases may have 
been mild cases of chronic conjunctivitis which benefited from 
the generally increased bodily resistance following the use of 
vitamin A. 

Selfa*’ treats many eye diseases by the oral administration of 
sulfathtazole, using 0.03 to 0.04 Gm. per kg. of body sreight for 
from six to nine days. This medication may be repeated, when 
necessary, after an interval of five days. Four patients xvith sties 
tvere cured by sulfathiazolc in from i\vo to four days. Two 
cases of acute staphylococcic conjunctivitis responded to sulfa- 
thlazole and mild protein sllverin from seven to eight days. Sulfa- 
thiazole together xvith local remedies was effective also in four 
cases of chronic conjunctivitis. The action of sulfathiazole in 
three cases of acme dacryocystitis was not quite as prompt as 
that of azosulfamide. Sulfathiazole proved ineffective in two 
cases of fistulous dacryocystitis. In 16 cases of trachoma sulfathia- 
zole medication was combined with local applications. There 
Aras no appreciable effect on the follicles, but the corneal lesions, 
the subjective S}'mpioms, and the superimposed infection yielded 
rapidly. This diversity of action on the palpebral and comeal 
localizations of trachoma is an apparent contradiction. If the 
comeal ulcers are to be regarded as the result of the trachomatous 
follicles, it is difficult to explain ts’hy the sulfonamides act so 
energetically on the corneal localization. This dissociation of 
effect suggests ttvo stages or types in the development of the 
causal organism of granular conjunctivitis. The age of the 
trachoma may also be a decisive factor. In ocular disorders sulfa- 
thiazole produces effects similar to those of sulfanilamide, but 
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in the case ol a sty its action is more rapid and energetic tlian 
that of other sidfoiiamides. 

Belloivs^ states, Itowever, that of the four most commonly used 
sulfonamides, sulfanilamide yields the lughest concentration in 
tlie hlootl and oculai tissues and fluttU. svhile much lower con- 
centrations tvhich arc below the value accepted for chemo- 
therapeutic effectiteness arc readier! by sulfatliiarole and sidfa- 
diazine. The value for siilfapyridine is between these tivo ex- 
tremes. Therefore, under ordinary titcumstances, it would 
appear that only sulfanilamide or sulfapyricUne arc capable of 
pTo\iding adequate concentrations in the ocular tissues and 
lluids. Houever, tlie concentration of sulfathiazole and sulfa- 
diazine in the ejehall may be increased by the application of 
lieat or mecliolyl, or by [lamccntcsis. or by inflammation result- 
ing from infection. 

l/)cal administration of sulfonamides, says this autlior, has 
two olnduus advantages; (1) Achiesement of rapid, high coti- 
temration; and (2) avoidance of systemic toxic manifestations 
Due partly to its greater solubitiiy and small molecular sire, 
snlfanilamide vvlien applied topically reaches a conccntiation 
in tlie eye more than ample for chemotlierapeutic effectiveness. 
On the other hand, the local application of sviUapyrldtne, sulfa- 
thiarole, and sulfadiazine produces concenimiions in theaqueous 
humor less tlian lialf the required strength. Increases in con- 
centration to a satisfactory level, however, can be arliietetl by 
iontophoresis. The highest concentration of sidfathiazole within 
the aqueous humor following local application is I mg. per cent. 
Tills may be increased to 10 to 20 mg. j>er cent w ith the use of a 
welting agent which lowers srsiface tension. Such agents include 
bile salts, aerosol, sodium laurelaie, zephiran, duponol. and 
ocenol. The author is conducting studies to determine which of 
these substances is most practicable for oph tlialmologic purposes. 

Oral administration of sulfonamides, says Bellows, because 
of their toxicity should not be used indiscriminately or for every 
slight infection, particularly those which arc self-limited or 
easily controlled. When infection has begun in the interior of 
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the eyeball or has progressed beyond the reach of topical appli- 
cation, oral administration seems to be indicated. Howes er, in 
such conditions as trachoma and gonorrheal conjunctivitis, where 
local therapy might be expected to yield most effective results, 
clinical experience proves oral therapy to be the superior method. 
A combination of both ora! and local administration in some 
instances may be the best form of therapy. 

The following are the indications for sulfonamide therapy in 
ophthalmology given by this author: 

Erysipelas: Although not primarily an ocular disease, it is of 
interest because of the site of predilection— the inner canthus 
of the eje— a factor leading to ocular complications: Lid abscess, 
corneal ulceration, and orbital cellulitis. Keynote of success in 
treating erysipelas is the early administration of sulfonamides. 
If given after the third day, sulfonamides appear to have no 
effect whatsoever on the course of the disease. 

iSIolluscum Contagiosum: A contagious virus disease some- 
times involving die e)elids, conjunctiva, and cornea. It may 
respond to sulfonamides. One observ'er has reported clinical 
cures in six of eight cases treated with sulfapyxidine. In the 
other two patients the drug was discontinued because of toxic 
manifestations. 

Gonorrheal Ophthalmia: In most cases of gonorrheal con- 
junctivitis, sulfonamides in sufficient dosage will free the secre- 
tion of gonococci more quiclJy than the use of irrigations and 
foreign protein alone. SulfapyTidine and sulfathiazole appear 
to be superior to sulfanilamide in gonococcal infection. Nega- 
tive smears are obtained with sulfathiazole in one day as com- 
pared to the two days required for sulfapyTidine. 

Trachoma: As a general rule, virus diseases are not influ- 
enced by sulfonamides, yet there are sev'eraJ notable e.xceptions 
mentioned in the literature, such as trachoma, inclusion blen- 
norrhea, lymphogranuloma venereum, and psittacosis. 

While evidence is lacking that sulfonamides actually cure 
trachoma, most clinicians agree that there is improvement in 
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subjective and to a lesser degree in objective symptoms. Oral 
administration of sulfonamide is the generally accepted method. 

Lymphogranuloma Venereum Ophthalmitis; This is rare, 
but tvhether it be conjunctivitb, keratitis, or iritis, a sufficient 
number of reports exist to indicate that it responds to sulfo- 
namide therapy as rapidly in the eye as tn other pans of the body. 

Aaite Conjunctivitis: Although most of the oiganisms caus- 
ing this condition are admittedly sensitive to sulfonamides, the 
necessity for using sulfonamides locally for it is questionable. 
The ordinary case likewise is too mild and self-limited to require 
so drastic a measure as oral therapy. 

However, Suizman and EIliott< used stilfathtazole locally in 
conjunctivitis and report cures in an average of two days against 
seven days in cases treated with argyrol or zinc sulfate. Their 
report follows: 

In the use of powdered sulfathtazole locally on the acutely 
Inllamed conjunctiva, there was considerable irritation and pain. 
To circumvent tl\is, we instilled one per cent pontocaine hydro- 
chloride. This routine usually eliminated local discomfort, 
although occasionally a patient would admit a slight burning 
sensation. Some complained of a transient blurring of vision 
caused by a film produced from the powder and lacrimal secre- 
tion. No other untoward re.iction$ were found. 

^Ve soon discovered that the most practicable way of applying 
the potvder was by the use of a small spoon, such as is used in 
otology for the removal of cerumen. The convex aspect of the 
instrument was used in spreading the pou’der evenly along the 
inferior conjunctival cul-de-sac. 

In all, 167 cases weie studied, and these were divided into 
two groups, as shown in table I. Cases were treated once a day, 
and no treatment was prescribeil between visits to the dispensary. 
Patients were cautioned not to remove the paste formed when 
tears mixed with the powder, in order to maint.ain contact of 
the drug with the inflamed conjunctiva as long as possible. 

From the tabulated results it will be noted th.at the average 
duration of the cases treated with powdered siilfathiazole was 
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Table 1 — Su^*XIARY of Treatments 



Table 2 — Ocular Infections Which Should Respond ^Vell to 
Sulfonamide TMerapy 


Virus infections: 

Trachoma 

Inclusion conjunctivitis* 
Lymphogranuloma senereura 
Hemol)Uc streptococcus infections: 
Conjuncthiiist 
Gsmeal ulcen 
Endophthalmitis 
Orbital cellulitis 
Impetigo* 

Staphylococcus infections: 

Dacryoc^ttitis 
. Conjunctivitis* 

Ulcers* 

Endophthalmitis 

Blepharitis* 

Orbital cellulitis 
Impetigo* 

Pneumococcus infections: 
Dacr^-oqstitis 
Conjunctivitis* 

Ulcersf 

Endophthalmitis 
Orbital cellulitis 


Conococcus infections: 
Conjunctivitis 
Iridocyclitis 
Pyocyaneus infections: 

Ultxrs 

Proteus infections: 

Conjuncimtis* 

Colifonn group infections: 
Conjunctivitis* 

Hemophilus influcntal infections' 
Conjunctiviiis* 

Orbital cellulitis 
PriedJander bacillus infections: 
Olcersf 
Dacryocystitis 
Meningococcus infections: 
Enthsphthalmitis 
Conjunctivitis 


• Local therapy preferred, 
f Combined oral and local therapy pre fe rr e d. 

(Tbriesoa. P.. aad Stone, Jr.:* N. Y. Sittf J. M.i 
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TaHIE 3 — Of.UI.AR iNfFCTfON? IN WlIICTI I’ERORAI. AtlMIMVlTlATtON 
or SuiJo.vAMiurs Mav Bk of Value and Dksjrvis a I’rul 


Actinomjccs Ijinis: 

Aciinomyctwis 
CIostri(liui:i weldu'i: 

HcniDphilus ilufTCyii; 

Soft cluticrc •>! 111! or ronjmiilua 
Streploroccus ^iridaiis. 
0»njuiKlivilA 
I'nctophtlialmiMs 
KIclAicIb pneiimoru.j (IViejI- 
I5n<lcr) ; 

UJccra 


linirclla incli’tciitit al>orumtns' 
Kerjiitii 

Cliornidiiii 

Lrytlicma iniilliforme (cause 
unLnosvii) ; 

Con juncitv til's 
Keratitis 

^fo^uxcll .1 lacuiinia (dipliiincillu) of 
Montx-Axciirel(l) : 
Conjtmtiivins* 

Marginal ulcers* 

Moraxclla duplex (Jiploliactllus of 

Petit) : 

Cciilrai ulcers 


• l/Kfll llicups tiiorr iiii{M>riant 

<Thrt<t.«i«. P anj tione. Win . )i S Y Suir / M ) 


two days, iitstcad of t!>c ttsual seven tlays. Absence from duty 
because of coiijiuiriivm's lias l»ccn material)) reduced. The dan 
ger of sjireading the infertion has been Jesteneri. Not the least 
important of tlie results of this treatment has been that the ot er- 
taxed clinical facilities of the tUsjicnsaTy have been relieved to' 
some extent. 

Serpent Ulcer; Since serpent ulcers are caused by pneumo- 
coccus, and rarely by other organisms, all of which are sensitive 
to suUouanijdes, one is jiistiried in using these drugs. Reports 
are available showing the \aliie of chemotherapy in this con- 
dition. 

rndophthalmitis-PanopIiilialmilis: As in other dise.ises ac- 
coni(}anied by purulent matter and detritus, sulfonamides to 
be effective must be used early in these conditions. However, 
even in ordinary clinical cases, where the time of initial treat- 
ment frequently cannot be chosen, the results aic not entirely 
discouraging. 
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Sulfonamides also appear to have beneficial effects on such 
conditions as pyogenic infection of the skin of the eyelids, inclu- 
sion conjunctivitis, blepharitis,znd cellulitis of the lids and orbit. 

Cradle and Harrison^ treated epidemic keratoconjunctivitis 
locally v’itli a solution containing one per cent sodium sulfa- 
thiazole, stabilized by 0.8 per cent of sodium sulfite to which 
has been added 0.1 per cent of desoxyephedrine. The solution 
is said to be stable, nonirritating, and buffered to a pH of 9.0. 
The toxicity is low, the lethal dose for mice being approximately 
100 mg. per kg. of body weight. Cradle used the solution as eye- 
drops, instilling two drops in each eye three to five times in 24 
hours. Harrison used one drop in the affected eye every’ waking 
hour. In all cases the treatment was continued for a reasonable 
period of several s'.eeks after the acme phase had subsided. It 
produces a milk-smartiiig sensation that disappears uithin a 
minute or tsvo. 
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ORTHOPEDIC SURGERY 

In the use of sulfonamide therapy in orthopedic surgery, says 
Key,i it seems advisable to divide the patients into the following 
groups: Patients with (1) clean operative wounds; (2) con- 
taminated traumatic wounds; (3) acme pyogenic infectious; 
and (4) chronic pyogenic infections. 

1. Clean Operative Wounds: The routine use of the sterile 
dry powder of one of the sulfonamide drugs in all clean operative 
wounds during the past two years has confirmed the value of 
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the procedure and has led me to believe that for orthopedic 
surgeons this affords the ividest field of usefulness for these prepa- 
rations. During this period I have used sulftinilamide in 150 
cases, siilfathiazole (in sterile ampules supplied by the Abbott 
Laboratories) in 70, and a mixture of siilfathiazole and of sulf- 
anilamide (supplied by Hynson, Westcott, and Dunning) in 
23. In none of these has a postoperative infection occurred. This 
series represents a good many more wounds than patients, be- 
cause many of the patients had two or more separate incisions. 

Under the best of operative conditions a certain percentage 
of postoperative infections is unavoidable. Since this is true 
and since one is not able to determine beforehand which wounds 
will become infected, it must be admitted that every so-called 
clean operative wound is potentially an infected wound. If, in 
addition to using every precaution to prevent operative infec- 
tion, one can place within the wound a sterile substance, which 
will prevent the growth of any casual b-actcria which may have 
gotten into the wound through an accidental break in operative 
technic or from tlie surrounding air, and at ilie same time know 
that this substance will not seriously injure the patient or inter- 
fere with Ute healing of the wound, it seems reasonable to use 
this substance. 

Tlie experience with 243 cases demonstrates that sterile sulf- 
anilamide and siilhathiazoie are suitable substances for implanta- 
tion in clean operative wounds, ami that their use in this manner 
tends to lessen the incidence of postoperative infections. In this 
series there has not been any appreciable interference with the 
healing of the v\ounds. In a few of the early cases in which too 
much of the dnig was placed in small wounds, there was a 
tendenc) to the accumulation of .an excess amount of serum in 
the wound, and in tivo cases this serum was expressed after the 
sutures were removctl. In neither instartce, however, was there 
any evidence of infection, and the wounds healed by primar) 
intention except for the small area left open after the expres- 
sion of the serum, and here the healing was delated for a few 
days. During the past year and a half there h.ave been no such 
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instances, as during this time the amount of the drug used has 
been relatively small— rarely over 5 Gm. in one operative wound 
and in many instances only 1 or 2 Gm. or even less in small 
wounds, the object being not to place enough of the powder in 
the wound to interfere with the coaptation of the r\ound sur- 
faces or to permit the formation of aggregates in the depth of 
the wound. One patient developed a bedsore which interfered 
with the healing of a spinal fusion wound, but this Avas due to 
poor postoperative care and not to the use of the drug. 

The next question that arises is whether or not the local im- 
plantation of the drug tends to cause toxic symptoms in the 
patients. In certain instances there was an unexplained eleva- 
tion of temperature after the operation. This occurred in seven 
cases of the sulfanilamide series. It has seemed to be somewhat 
more frequent with the use of sulfathiazole than with sulfanil- 
amide, but the dau on this series are not yet complete. In no 
instance did the rise of temperature last more than a few days, 
nor did it do any harm other than cause anxiety to the surgeon. 
There was no evidence of toxicity in cases in which the drug 
has been used locally in clean operative wounds. Three patients 
had a rash after the operation, but twoof these were patients with 
chronic osteomyelitis who tvere also taking the drug by mouth. 
The third was a small child, who had a relatively large amount 
of sulfanilamide implanted in a tuberculous cavity in the ilium. 
It is thus evident that the drug can be used locally in clean 
operative wounds with safety. 

The rationale of the procedure is that by the use of the drug 
in this manner a high concentration— that is, a saturated solu- 
tion— of the drug is brought into direct contact with any or- 
ganisms which may be present in the wound. This concentration 
of the drug in the wound lasts approximately 48 hours— that is, 
until the drug is absorbed and excreted. It is probable that the 
sulfathiazole lasts longer. The time during which the drug re- 
mains in the wound will vary directly with the amount implanted 
and indirectly with the blood supply of the area and with the 
surface exposed for absorption. In tissues well supplied with 
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blood the absorption is more rapid than it is in aieas where the 
blood supply is scanty. It can be placet! in joitits and other body 
cavities and apparently does no harm to tite lining of these cavi- 
ties. However, it is to be noted that in. large cavities, such as 
the peritoneum or the pleura, an extensive surface is exposed 
to the drug, and consequently the absorption may be unusually 
rapid and cause high concentrations of the drug in the blood. 
For this reason it seems advisable to use a mixture of sulfanil- 
amide and the less solublesulfaihjarolc In these cavities. 

In addition to placing the posvder in the wound before it is 
sutured, a small amount is sprinkled along ibc suture line after 
the skin is closed. The dressing is then put on and ilie drug will 
tend to saturate the blood or serum which drains from thesiound 
and thus prevent the development of stitch abscesses. Tin’s is 
especially true if the uotind is encased in a plaster of Paris cast 
in which it is undesiralde to change the dressing for some time. 

It is to he emphasized that the use of the tliug in the wound 
foi tlte pres ention of infection docs not warranian) Idling down 
in surgical technic, hcrausc it is not infallible, ami 1 know of 
four instances in which posioperative infections h.ave occurred 
after sulfanilamide powder has been placed in so-called clean 
wounds. 

2. Contaminated Traumatic Wounds; These arc lacerations 
or compound fractures, which arc ircaietl before suilicicni lime 
has elapsed after the injury to permit the development of an 
actual infection in the tissues. In civilian life it is usually stated 
that a wound is not considered infected until from b to 12 hoiiis 
after the injury, the time s'arying inversely with tiie amount of 
damage to the tissues; that is, in a wound uitli relatively little 
damage to liic (issues a greater amount of time will elapse liefoic 
actual infettioii develops, other things being equal. 

There is tonsidcrablc difference of opinion as to whether or 
not such wounds should he sutured. It has been my custom to 
close such wounds by prinwry suture after a raiefiil (U-bridc- 
luent and expect primaiy healing. If I was not satisfied that I 
had done an adequate debridement and i emoted all devitalized 
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tissue and foreign matter in the wound, it was packed open with 
petrolatum gauze. This method has been used for the last 20 
years and most such wounds have been sutured immediately 
with satisfactory results. By the use of sulfanilamide or sulfa- 
thiazole powder in the wound, or a mixture of the two, a wound 
can be sutured with more assurance than could the same wound 
rvithout the use of the po^vder. In other words, the porvder will 
tend to keep down the infection until the clearing mechanism 
of the body has had a chance to eliminate the bacteria. That 
most compound fractures in civilian life can be debrided and 
sutured primarily with satisfactory results if sulfanilamide 
powder is implanted in the wound is amply prosed by the series 
of such cases reported by Jensen, Johnsrud, and Nelson, and 
by Jackson. 

If one believes that these wounds should not be sutured after 
debridement, but should be left open and the wound packed 
with petrolatum gauze or with other material, in order to permit 
drainage, then the probably mild infection which U'lII eventually 
develop on the surface of the wound will be minimized by 
sprinkling the powder over the surface of the wound before the 
petrolatum gauze or other packing materia) is inserted 

The use of sulfanilamide or sulfathiazole in the wound does 
not permit the letting down of any of the standards for a com- 
plete debridement of the wound, nor does it eliminate the neces- 
sity for adequate reduction of the fracture and immobilization 
of the part after the woiJnd has been sutured or after tlie wound 
has been packed open. It does, however, permit the use of in- 
ternal fixation in the treatment of compound fractures. 

In military surgery, which is occupying such a prominent 
place in our thoughts, the use of sulfanilamide or sulfathiazole 
powder, or a mixture of the two, will lessen the incidence of 
infection after rvounds have been debrided, Horrever, contami- 
nated war wounds should not he sutured, and especially is this 
true in a rvar of movement, where the men are treated in casualty 
clearing stations or other hospitals, and are then moved on after 
a few hours or after a longer interval. 
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When a surgeon d^brides and sutures a contaminated wound 
he should assume the obligation of watching this patient until 
the danger of infection has passed. For this reason it is not wise 
to advocate debridement and immediate closure of svar wounds 
in militar>’ surgery. Many of these will have to be left open, not 
because they could not hate been sutured under favorable con- 
ditions, but because it is not possible to keep the patients in the 
hospital and under the care of the operating surgeon until suffi- 
cient time has elapsed so that the danger of infection is no longer 
present. It is furtlier to be noted that the transportation of such 
patients, cither in casts or in splints, causes a variable amount 
of movement of the part and exposure of the patient and is 
accompanied by some pain, hfovement of the part lowers the 
local resistance, and pain and exposure lotver the general resist- 
ance. Consequently, transportation of a recently operated com- 
pound fracture tends to favor the development of an Infection 
in the wound. 

In civilian life the movement of the part, pain, and exposure 
can be reduced to a minimum, but under war conditions, and 
especially those of total war. military necessity may cause the 
wounded svho hase recently been operated on to be transported 
when and if the opportunity presents itself and by whatever 
means are available. Consequently, wounds in war should be 
dibrided, sprinkled liberally with sulfanilamide or sulfathia- 
zole or, preferably, a mixture of the two, p.acked open witli 
petrolatum or plain gaurc. and immobilized in a cast or splint, 
which will maintain the reduction effected during the operation 

The question immediately arises as to whether or not these 
men should also be given sulfanilamide or sulfa thiazolc by mouth. 
Ordinarily in civilian practice I do not give sulfanilamide or 
sulfathiazole by mouth to a patient svith a recently debrided 
and sutured contaminated wound. It is believed that adequate 
debridement plus local implantation of the drug are sufficient 
and this has been my experience in the past. On the other hand, 
in certain cases in which a little more time than is considered 
safe has elapsed or I am not quite sure of the efficiency of the 
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debridement, in addition to placing the drug in the rvound, I 
give the patient full doses of sulfathiazole by mouth before the" 
operation, and as soon as he is able to take it after the operation 
(usually 2 Gm. is given before the operation and 1 Gm. every 
four hours for the first two days after the operation) . If there 
is no evidence of infection at the end of tsvo days the drug is 
stopped entirely, or it may be tapjered off. Fluids are forced 
while sulfathiazole is being given in order to prevent damage to 
the kidneys. This plan seems suitable for svar svounds, in svhich 
the danger of infection is greater than in civil life. 

3. Acute Pyogenic Infection: Tliese patients fall into two 
groups: (1) Those with contaminated wounds in which suffi- 
cient time has elapsed to permit the development of infection: 
and (2) acute hematogenous pyogenic infections, such as acute 
osteomyelitis and acute arthritis. 

In the first group the wound, usually a compound fracture, 
is open and is draining but the drainage is inadequate. There 
is usually a mixed infection, and the bacteria are not all on the 
surface of the w’ound but have grown into the tissues, and the 
organisms of gas gangrene may be present. These patients are 
ill with a systemic infection and ne^ the drug whidi will most 
effectively combat a mixed infection. This is sulfathiazole, and 
it should be given by mouth in full doses or, if necessary, as the 
sodium salt intramuscularly in strong solutions or intravenously 
in dilute solutions. ■ 

In addition to the general administration of the drug, the 
wound should be adequately drained, foreign bodies should be 
removed, and obviously devitalized tissue should be excised. All 
acutely infected wounds should be left wide open. In gas gan- 
grene, involved muscle should be excised and the p>atient should 
be given large doses of the poly'valent serum. 

After the operation is completed and the toilet of the wound 
is made, the surface of the wound and its depths should be 
sprinkled liberally with sulfathiazole or witli a mixture of 
sulfathiazole and sulfanilamide, the amount of the drug being 
considerably more than is used in wounds which are being closed. 
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This is for two reasons. Tlie first is titat absorption of the drug 
svill be less and the second is tlut with an established infection 
it is probable that large ntimlicrs of b.icteria will icniain in the 
tissues even after an adequate dt'bridcmeiU. 

Finally, the wound slionld be tmraobilired and the patient 
should receive suppoitive treainicnt, including a transfusion 
of blood or plasma if indicated, .and the sulfatinarolc should be 
continued by mouth until evidence of general infection has 
subsided- 

In hematogenous pyogenic osteomyelitis or pyogenic arthritis 
the problem is somewhat similar, except that the foais of the 
infection has not been drained. At the present time tlierc is 
considerable difference of opinion as to wlictlier or not this local 
focus siiould be attacked surgically. M.any believe that acute 
hematogenous osteomyelitis Is a general disease or septicemia, 
of which the local focus in the bone is but one manifestation, 
atid that the patient should be treated mcdioally rather than 
surgically. I do not concur in this hcitef. It is my opinion tluat 
the local infection in the bone should be drained as soon as it 
1$ safe to do so; liiat is, as soon as the })aticnt Is in condition to 
stand the operation. 

The chemotherapeutic agents at our command cannot be 
relietl on to sterili 2 e an abscess cavity in the bone when they arc 
administered by moutli. It Is true tliai when sulfanilamide or 
sulfachiazole is given by mouth a cnnceiur.uion is eventually 
obtained in the fluid of the abscess cavity which approaches tint 
present in the liloocl. In my experience the concentration ob- 
tained in the pus has been approximately 50 per cent of that 
present in tlie blood. Hovrever, this concentration is not sufTi- 
cient to kill staphy lococci. 

I'hcic is no doubt that in certain cases of aente pyogenic 
osteomyelitis, if large doses of sulfathiazole arc given, the disease 
in the bone will subside and ilie bone will eventually heal. IIow 
frequent these cases arc, 1 do not know. I have seen one. On 
the other band, 1 have seen patients who developed metastatic 
foci while they were receiving full doses of sulfatliia/ole, and 
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who eventually became osteomyelitic derelicts as a result of 
widespread destruction of bones and joints. Other patients have 
died without operation. I have also seen patients with mild 
pyogenic infections in bone get well without surgical interven- 
tion or chemotherapy. 

Sulfaibiazole rather than sulfanilamide should be used in 
every case of acute pyogenic osteomyelitis. It should be given 
in full doses by mouth if possible or intramuscularly or intra- 
venously if necessary. As soon as the patient is in condition for 
the operation, the focus in the bone should be drained. No 
attempt should be made to remove the entire area of the disease. 
At the operation sulfathiazole pou-der or a mixture of sulfanil- 
amide and sulfathiazole should be implanted in the iroiind in 
liberal amounts. The wound should be packed loosely with 
petrolatum gauze and the extremity immobilized in a plaster 
cast. Supportive treatment of the patient should be continued 
and the patient should be given full doses of sulfathiazole by 
mouth until his temperature has subsided. At the same time 
fluids should be forced. For a very toxic patient the staphylo- 
. coccus antitoxin should be used if it is arailable. The drug will 
exert a favorable influence on the septicemia, lower the mortal- 
ity, tend to decrease the amount of destruction of bone, and 
decrease the number of metastatic foci which tend to develop 
in this disease. 

The same is true of acute pyogenic arthritis. The joint should 
be opened, ivashed out with physiologic solution of sodium 
chloride, a liberal amount of sulfathiazole powder should be 
implanted in the joint cavity, and, as a rule, the joint should 
be left open. In certain relatively mild infections I have closed 
the joint and immobilized it, and the wounds have stayed healed 
and a useful joint has resulted. 

4. Chronic Pyogenic Infections; These include chronic osteo- 
myelitis and chronic infections of soft tissues, either deep infec- 
tions or surface infections. As staphylococci are usually present, 
sulfathiazole is the drug of choice, although sulfanilamide powder 
in concentrated form will tend to lessen the amount of drainage 
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and decrease the activity of the infection in the wound. Eithes 
drug is useful as a dusting powder for chronic surface infections 
and tends to lessen the amount of secretion in chronic osteo- 
myelitis. But they cannot be expected to cure chronic infection 
in the bone. The same fact is true of sulfathiazolc by mouth in 
chronic osteomyelitis. In certain instances in which the condi- 
tion is nonopetahle, as in extensive involvement of the shaft 
of the femur, I have given patients the drug by mouth over a 
considerable period, and they have felt better and the discharge 
from the wound has been less. None of these infections, in my 
experience, has healed and remained healed. The chief use 
of the drug in chronic osteomyelitis is that recently pointed out 
by Dickson and Diveley. They have sltown that chronic osteo- 
myelitis can be treated surgically and tlie wound can then be 
sprinkled with sulfathiazolc powder and dosed. 

I have followed this procedure in 17 cases and in none of these 
have there been any untosvard results. Fourteen healed by 
primary intention. In the three others tlicre was a definite rea- 
son for the failure of primary he.aling. One of these was an 
extensive disease of the tibia in which, after sequestrectomy and 
saucerisation, it was not possible to close the wound completely. 
It eventually healed by granulation. Another tibia was operated 
on eight weeks after the acute focus in the hone had been drained 
This was cleaned out thoroughly and the wound was almost 
closed. This wound is now healed. In tlie third case, in which 
operation was performed four weeks after the onset, a large 
abscess was drained, the femur was opened, and extensive necrosis 
was present in the lower end of the shaft. The drug w’as given 
by mouth as well as locally .and the wound was packed open. 
There had been extensive destruction of bone and this child 
may require a second operation for the removal of a sequestrum. 

'Die operation is most successful in chronic osteomyelitis, in 
which sinuses can be excised, all dead bone can be removed, and 
the walls of the tvound can be closed. For one or two da>s before 
the operation the patient is given full doses of sulfathiazolc by 
mouth— that is, 1 Gm. c\'ery four or six hours— and this is con- 
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tinued after the operation until danger of a flare-up of the infec- 
tion is past, usually only for three or four days. The dose is then 
gradually tapered off. 

In operating in such cases 1 have not used any deep sutures, 
but have closed only the skin and fescia with lai^e through-and- 
through sutures of silktvorm gut. After the operation the limb 
is immobilized in a plaster of Paris cast without drainage. When 
the drug is being given by mouth toxic manifestations are more 
apt to occur, and in tsvo of the 17 cases a rash developed after 
the operation. 
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OSTEOMYELITIS 

Seepage 


OTITIS MEDIA 
See page 142 


OTOLARYNGOLOGY 

The dosage of sulfonamides is greater and continued over a 
much longer period, according to Porter,* in otolaryngology 
than in general medicine or pediatrics. The author has found 
sulfadiazine the most effective and least toxic of the sulfonamides. 
It has the greatest degree of penetration into the cerebrospinal 
fluid and thus is very important in the treatment of meningitis 
of otitic or sinus origin. Sulfathiazole has the least degree of 
penetration and is the most dangerous of the sulfonamides for 
otolaryngological use. 

Chemotherapy does not supplant surgery; rather, it is an ex- 
tremely valuable adjunct. Because the sulfonamides can affect 
inaccessible areas, such as enclosed pus, bone necrosis, and in- 
fected thrombi (>vhether in the mastoid, frontal bone, or cal- 
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varium) only through the blood stream, it Is obvious that such 
pathology must first he removed completely by surgery. This 
was proved repeatedly by the author's results in treating osteo- 
m>cliti$ of the fronml bone and lateral sinus thrombosis. 

Treatment with a combination of sulfonamides and hejiariit 
has been responsible for the spectacular recovery of many cases 
of cavernous sinus thrombosis. The heparin will ivot dissolve 
an already formed clot, but will prevent further clot formation, 
thereby permitting the drug to penetrate the infected wall of 
the vein. 

Acute sinus conditions respond beautifully to sulfonamide 
tlicrapy. In the author's private practice, 28 of 30 patients were 
cured completely, and two required minor surgical iiuerfercttce 
to promote sinus drainage. 

For most effective use sulfonamides must be administered 
during the early stages of a disease and in conjunction U'itli im 
rnune sera when available. In all cases the author piefers to 
delay surgery until an optimum Idood lev el has been established 

IlowersS believes that sulfonamide therapy is efficient and safe 
In sinusitis. 1, personally, have not seen, in the treatment of 
siintsitis, he says, any flare-ups following tlic discontinuance of 
the drug, such as frequently occur in mastoiditis Recently 
Sliambaugh reported two patients with sinusitis on whom 
chemotherapy wav vtsed, who apparently Tccovercd, yet later de- 
veloped meningitis and died. To my mind, this report consti- 
tutes a wariving railter than a contraindication to the use of the 
drug. I have also tried chemotherapy on cases of chronic sinus 
disease, with thick pus in the antral washings and thickened 
membrane in the sinuses; in these patients I have had very nega- 
tive results. Apparently the drug works best, in sinusitis, in the 
piescncc of a fulminant infection. According to Shambaugh’s 
report, it may have a masking effect, just as in mastoiditis, and 
will therefore need careful watditng even after the patient is 
clinically well. The best method of checking on this masking 
effect is by means of x-rays. I have seen patients, clinically re- 
covered from frontal sinus infection, whose x-rays showed prog- 
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ress in bone destruction. It is safer, in tlie presence of an un- 
drained focus of infection, not to rely too much on chemotherapy 
alone. 
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PANOPHTHALMITIS 

See page 266 


PEMPHIGUS 
See page z68 


STREPTOCOCCIC PERICARDITIS 
The therapeutic efiiciency of sulfanilamide and an acet)lated 
derivative of 4,4'-diaminodiphenylsulfone hydrochloride in ex- 
perimental beta hemolytic streptococcus pericarditis in rabbits 
was compared by Lebou-ich.* After trials of many substances. 
I molar acetic acid was selected as the most satisfactory agent 
for reducing the acute toxicity of the latter drug. The acetic 
acid administered with the sulfone compound definitely lessened 
the severe acute and chronic toxic effects of the sulfone com- 
pound in rabbits without materially affecting the curative value 
of the drug. The acetylation of the sulfone hydrochloride ser\ed 
as a detoxicating mechanism. There was considerable variation 
in the acetylation of the drug, even in the presence of added 
I molar acetic add in ^Sereot infected animals. The acetyhted 
deriv'ative of 4,4'-diaminodiphenylsulfone hydrochloride had a 
distinctly beneficial effect on the natural course of experimental 
beta hemolytic streptococcus pericarditis in rabbits. It consider- 
ably increased tlie number of cured survivors, in comparison with 
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their complete absence in the sulEanilamide-ireated group, and 
definitely prolonged the average duration of life beyond that of 
control and sulfanilamide-treated animals. The most effective 
results were among 50 rabbits in which treatment was initiated 
12 hours after pericarditis was produced; 49 of these animals 
were cured. The acetylated derivative of 4,4'-diaminodiphenyl- 
sulfone hydrochloride was far superior to sulfanilamide in the 
rabbits in its effect on the infection. 

REFERENCE 
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PERITONITIS 

See Al>j)a}dicilies and Perilonilis, page pj 


PLACENTA ACCRETA 

A case is reported by Smith and Seibert^ of placenta accreta 
where laparotomy was absolutely contraindicated because of 
severe shock and sepsis. Vaginal discharge was profuse and foul 
smelling. Conservative treatment seemed the only alternative. 
Wangensteen duodenal suction was used to relieve the distention. 
A transfusion of 500 cc. of citrated blood was given every other 
day from the third to (be eleventh day postpartum. On the 
alternate days 4 Gm. of sodium siilfapyridine were administered 
intravenously in 1000 cc. of isotonic solution of sodium chloride 
every eight hours. Five cc. of arosulfamidc solution were in- 
jected intramuscularly every four hovxrs for two days and then 
2 cc. every four hours. 

Under this conservative management the patient improved 
to the point where there ceased to be an indication for surgical 
intervention when her general condition vvould have warranted 
It. The placenta evidently sloughed out in the profuse, foul 
discharge, although no portion of it was ever recovered. Normal 
menstruation began in three months, which supports this 
assumption. 
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This report does not constitute an endorsement for the con- 
servative treatment of placenta accreta rvhich normally should 
be treated by hysterectomy. However, it does shotv that the 
condition of a patient with this abnormality is not necessarily 
hopeless, even when laparotomy is contraindicated. 
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PLAGUE 

Wagle et al^ studied 294 cases of plague in India over a four- 
month period. The patients received various forms of treatment 
in rotation as they were admitted, i.e., the first received anti- 
plague serum, the second the usual hospital treatment of iodine 
Solution intravenously, the third sulfapyridine, the fourth ami- 
plague serum, and so on. After admission 207 sulfapyridine was 
replaced by sulfathiazole. From admission 246 each alternate 
admission received sulfathiazole and the remaining cases served 
as controls. Nineteen cases proi'ed not to be plague, and exclu- 
sions from the study because the patients were moribund or for 
some other reason, brought the total number of cases of bubonic 
plague in the study do^vn to 237, which axe accounted for in 
cables I and 2. 

Sulfap)Tidine was given in a dosage of I Gm. on admission 
and 0.5 Gm. every four hours thereafter for seven days. Sulfa- 
thiazole tvas given in the same dosage. The drug was stopped if 
the temperature came to normal and there was a distinct improve- 
ment in the general condition. The sodium salt of the sulfona- 
mide was given intravenously in those patients tvho could not 
take it for any reason by mouth, but these svere not many. 

Antiplague serum was given in a dosage of 40 cc. on the day 
of admission; 20 cc. svere given immediate/y intravenously on 
admission, and 20 cc. subcutaneously six hours later. The same 
quantity was given in the same way on the follosving day. Subse- 
quent administration depended upon the seserity of the case. 
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The iodine solu tion was the usual hospital treatment for plague 
in India. Wliile it is believed to Iiave curative value, the cases 
receiving it were considered to be controls for the other two forms 
of treatment. Tlie stock solution usetl contained 5.5 Gm. of 
iodine and 8.5 Gm. of potassium iodide in 100 cc. of distilled 
water. This was given intravenously once daily in a dosage of 
0.5 cc. diluted witli 100 cc. of distilled water. 


Table 1 — All CAsra or Bubomjc Placue Treated 


Tuatmnl j 

S'umhrf oj 
Cain 1 

Xunthn ef 
D/ntAs 

Case Mcrlaitly 
Pirttni 

Antiplaguc scrum 

1 

1 20 

28 5 

Sulfapyridinc i 


' ’2 1 

24 5 

SuWatViiaaole ' 

32 

1 5 ' 

15 6 

Controls — treated uill\ iodine solution i 
intraveisoudy' 

83 

43 

52 4 

Totals 1 

1 

237 

1 

1 81 



Tab« 2— Cases with Plague StnriCTMiA at tju Commenctment 
or TREATMErn" 


Treelnienl | 

Xumber tf • 

AWSer o/ 
Dfaihs 

Cast MartalUy 
Per rent 

Antiplagxie serum 

! 33 

I 20 

' 60 6 

Sulfapyndine i 

30 1 

13 

43 3 

SulLsthiazole 

12 1 

1 5 

41 8 

Controls — treated with iodine solution 
intravenously 

.0 

1 

95.0 

Totals 

IIS 

1 



The authors reg.ird treatment with the sulfonamides and with 
antiplaguc serum as a distinctly forward step in the tlierapeusis 
of plague. The small difference in the figures they consider due 
to the unequal number of cases treated. However, there is much 
greater ease in the administration of sulfonamides over serum. 
It is in the septicemic_cases, tiic authors point out, that the 
sulfonamides demonstrate their superiority. 
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They state: “The curative value of these chemotherapeutic 
agents under very severe conditions is hotvei er seen in table 2, 
u'hich records results obtained in septicemic cases. Plague septi- 
cemia is a very serious condition indeed, as the control cases, of 
which nearly 95 per cent died, shoiv. In septicemic cases treated 
with sulfapjTidine and sulfatliiazole, however, the case mortality 
was reduced to about 40 percent, i. e., more than half of the cases 
treated recovered. Similar but slightly inferior results were 
obtained with the antiplaguc serum/' 

REFERENCE 
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PNEUMONIA 

In no phase of Medicine has chemotherapy been more epoch- 
making than in the treatment with the sulfonamide drugs of 
that still-to-be-dreaded killer, pneumococcic pneumonia. Flippin, 
Schwartz, and Domm^ report on 16S5 cases of pneumococcic 
pneumonia treated with sulfapyridme, sulfathiazole, or sulfa- 
diazine. Their report follows: 

Comparative Therapeutic Effectiveness 
The effectiveness of a chemotherapeutic agent for the treat- 
ment of pneumococcic pneumonia may be evaluated from the 
study of: (1) The effect of the agent on mortality, on incidence 
of complications, and on (he course of the disease; (2) the toxic 
effects on the patient, and (3) the pharmacologic behavior of 
the drug in man. 

Mortality Rates, Incidence of Complications, and Influence of 
Treatment on the Course of the Disease 
SulfapjTidine, sulfathiazole. and sulfadiazine were comparable 
in effectiveness as judged by the mortality rates (Table 1) of 
9.7, 12.1, and 10.3 per cent for the three therapeutic groups. 
Positi\e blood cultures for pneumococci were obtained in 10.9, 
15.0, and 22.2 per cent of patients receiving suIfap)Tidine, sulfa- 
thiazole, and sulfadiazine, with mortality rates of 32.5, 43.3, 
and 25.5 per cent respectively. Hmvever, as mentioned before. 
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one cannot be certain as to the significance of bacteremia as an 
index of the relative severity of the cases in each therapeutic 
group. The incidence of complications svas low and comparable 
in the three drug-treated groups (Table 2) . The most striking 
clinical obscr\’ation with the tliree drugs was the frequency with 
which the initiation of drug therapy was followed within 24 to 
48 hours by a critical drop in tempeiatuTe. The action of sulfa- 
pyridine and sulfadiazine in lowering the temperature was more 
rapid than that of sulfalhiazole, although the average duration 
of treatment and the average stay in the liospital was practically 
the same for all three drug-treated groups. 

Toxic Effects 

In our experience (Table 3) with these drugs in pneumo- 
coccic pneumonia, the incidence and severity of toxic reactions 
following sulfadiazine therapy were less than those observed in 
patients receiving sulfap^Tidine or sulfathiazole. This differ- 
ence in toxicity was principally the relatively lower incidence 
of untoward gastrointestinal and renal manifestations associated 
with sulfadiazine treatment. 

P/icmnncofogic Behavior in Man 

Sulfadiazine, given orally, yields higher concentrations of the 
free drtig in the blood and smaller proportions of aceiylated drug 
in the blood and urine than do sulfapyridine or sulfathiazole. 
Furthermore, aceiylsulfadiazine is more soluble in urine than 
is acetylsulfapjTidine or acetylsulfathiazole. These differences 
in the relative degree of acetylation and solubility of the acetyl 
derivatives appear to have an influence on the incidence and 
severity of urinary tract complications following the use of these 
drugs (Table 3) . ^Vhen these compounds are administered 
intravenously, higher concentrations of the drug are maintained 
for longer periods with sodium sulfadiazine than with sodium 
sulfapyridine or sodium sulfathiazole. This is of decided value 
in the control of infection in certain types of cases. 

On the basis of the foregoing data it would appear that the 
drug of choice for the treatment of pneumococcic pneumonia 
at the present time is sulfadiazine. 
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Routine Management of Pneumococctc Pneumonia 
Early Treatment: With the oKcption of the age of the patient 
(Chart 2) and certain other factors beyond the physician’s con* 
trol, the length of time that elapses bctireen the onset of the 
infection and the beginning of specific treatment is the most 



Chart 1— 'Number of cues treated loddcnce of bacteremia, and mortality 
)>ercentage ia each year of this study. The three drugs were employed for the 
most part over the desigtuted periods. (Fliypm, H. F.. ti tl.; J. A M. /I.) 

important single controllable factor in the prognosis of pneumo- 
coccic pneumonia. As indicated in Chart 3, there tvas a definite 
increase both in the mortality rate and in the incidence of com- 
plications in those cases in which chemotherapy was started after 
the first 48 hours of the illness. Hence the best results ti itlt these 
drugs are obtained when they are administered early in tiie 
infection, while the number of bacteria is still limited and the 
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Table I — Djsteibotion of Tvpes, Bacteremia, and Mortality Rates 
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extent of tissue involvement is at a minimum. Certainly, sulfa- 
diazine treatment should not be withheld just because the case 
is considered mild. Likewise, the use of drug should not be 
delayed in a suspected case of pneumonia until signs of con- 
solidation have appeared. Obviously, this does not mean that 
every person suffering with a mild infection of the upper respira- 
tory tract is to be regarded as a pneumonia suspect. 

Adequate Chemotherapy: Theoretically, in order to obtain 
maximum therapeutic results with sulfadiazine in pneumococcic 
pneumonia, it is necessary to administer the drug in such a 
manner as to obtain an effective concentration of free drug in 
the blood as soon as possible, and to maintain an adequate level 
until tire patient has developed sufficient immunity against the 
infection to prevent a relapse. Horvever, we has’e been unable 
to establish an optimal blood concentration for sulfadiazine in 
the treatment of pneumococcic pneumonia, and, furthermore, 
metltods for determining the immunity response of patients 
receiving sulfadiazine are still in the experimental stage and 
are as yet of doubtful clinical significance. Thus it is difficult 
to outline a course of sulfadiazine therapy which will theoreti- 
cally be effective, but it seems reasonable, for practical purposes, 
to administer the drug in a manner which experience indicates 
will probably be adequate for the treatment of pneumococcic 
pneumonia of adults. 

In general, the oral route has proved to be the most practical 
method of administering sulfadiazine, although in certain in- 
stances in parenteral use is indicated. (See pages 26 and Asa 
rule, sulfadiazine is readily absorbed from the intestinal tract 
into the blood stream, reaching le\els of 4 to 6 mg. of free drug 
per 100 cc. within four to six hours after the oral administration 
of a single (3 to 4 Gm.) dose. After the fourth to the sixth hour 
the amount of drug in the blood begins to diminish and, if the 
blood concenCrafion of cbe drug is to be maintained or irrereased, 
it is necessary to administer additional drug in smaller amounts 
every four to six Incurs until the total dosage has been given. 
Since varj’ing blood levels of the drug result in diminished thera- 
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peutic effectiveness, it is important to adhere to this schedule 
of dosage. As already mentioned, we have been unable to deter* 
mine any definite correlation beUveen the effectiveness of sulfa- 
diaiine and the concentration of free drug in the blood, although 
it appears that, if a free blood level of 5 to 10 mg. per 100 cc. is 
maintained, satisfactory results may be expected. In this con- 
nection it should be remembered that such factors as drug ab- 
sorption and Icidney function tend to influence the amount of 
drug found in the blood, since the drug concentration reached 
in the blood is dependent both on the rate of entry into, and 
the rate of exit from, the blood stream. On the basis of these 
considerations, and after employing several schemes of dosage, 
we have adopted the following dose schedule for the treatment 
of pneumococcic pneumonia of adults with sulfadiazine; 

An initial 3 Gm. dose of sulfadiazine is given orally and fol- 
lowed by 1 Gm. every six hours thereafter, until the temperature 
has remained normal for 48 hours and the patient shows clinical 
evidence of improvement. It is possible in most cases to adhere 
to this six-hour-dose schedule, but occasionally, when a higher 


Table 2— Compucations 


Cemplieatian 

TBEATME^r 

Tatal 

7,035 Cam 

Sulfa- 

Salja. 1 
Ihiazoti 
4J7 Cans 1 

S<dfa- 

diofine 

dSSCaSis 



/no- 

/Pcsni 


Mor- 

tality, 

Massive pleural eflusian 

2.2 

2.7 

2 4 I 

23 

26 

Empyema . . 

1.9 

1.8 

2.2 

20 

28.1 

Endocarditi* 

05 

0.7 

l.B 1 

0.7 

100 0 

Iaid^ abscess 

03 

0.7 

07 j 

05 

75 0 

MetastaOc abscess 


0.4 

1 02 

02 

66.6 

Meniiigltis 

0.1 

0.2 

0.2 1 

02 1 

100 0 

Odu's media 

at 

0.4 


02 


PUebitii. 

0.1 



0.1 ! 


Pericarditis 


02 

' 0.2 

01 

100 0 


rruppiD, H. p . // «/. .- /. A. M M 
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blood level of drug is desired, the l-Gm. dose is given at four-hour 
intervals until the desired drug concentration in the blood is 
obtained. In order to give sulfadiazine parenterally it is neces- 
sary to employ its sodium salt. Best results with sodium sulfa- 
diazine parenterally are obtained with its intravenous use. For 
intravenous therapy a five per cent solution of sodium sulfa- 
diazine in sterile distilled water is employed. Obviously, when 
the drug is administered by vein, higher blood levels of free 
sul&diazinc (10 to 18mg. per lOOcc.) are obtained more rapidly 
(within 15 minutes) than when equal amounts (3 to 4 Gm.) 
are given by mouth. As a rule, this form of therapy is resorted 
to for those patients in whom a more rapid elevation of the blood 
level of drug is desired or rvhen oral medication is impracticable. 
Patients who are unable to lake sulfadiazine by mouth are given 
an initial 3 to 4 Gm. dose of sodium sulfadiazine intravenously, 
followed hy 2 Gm. every 12 hours thereafter until the total dose 


Table 3— -Toxic Reactions 


Toxu fitartien 

THEATME^T 

Salfapytidttu ! 
?S3 Castt 1 

II 

Sulfadxaiftu 
455 Casts 

Inetdenet, ' 
pet {tut \ 

Ineidrrue, 
per tnt 

Inetdmt, 
pet cmt 

Vomiting. ... 1 

52.2 1 

19.7 

3 1 

Hematuria; Microscopic i 

10 1 , 

9.6 

44 

Gross. 1 

1.2 1 

0.9 1 

02 

Loia paia . 

0.5 

0.4 


Renal calculi. 

04 

0.4 1 


Anuria.. i 

o.i 1 



Dermatitis .... 

t.9 

38 1 

1 1 

Conjunctivitis. . 


0.9 : 


Episcleritis . 


1 

02 

Acute hemolytic anemia 

0.1 



Leukopenia. . . ■ 

30 ! 

2.5 

2.0 

Neutropenia. . 

0.8 

0.7 


Fever? . 1 

5.0 

5.4 

2.2 

Psychosis ? . . . . j 

4B 

31 

5.5 


(FLltia. H. F,. t> 4l.: J. A M. A.) 
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has been gi\en. Trequently it issvell to give seriously ill patients 
a large initial dose of drug (3 to 4 Gm.) by vein and at the same 
time start giving l*Gm. doses every four to six hours by mouth. 
In general, the total dosage of sulfadtarine is 20 to 30 Gm., 



Chart 2 — Influence of ag« on mortality j'd >£3S casej. 

(PUpyiB. H. F.. «f : /. X At /i ) 

depending on such factors as the day of disease svhen treatment 
was started, the presence of bacteremia, spread of the infection, 
complicating dise.ises, kidney function, and drug toxicity. It is 
to be remembered that, once drug treatment has been started, it 
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is to be continued, unless signs of severe toxicity develop, until 
convalescence is established. Not infrequently a fall in tempera- 
ture proves deceptive and a spread or recurrence in the infec- 
tion occurs if chemotherapy is stopped too early. Although it 
is not generally necessary, a safe procedure to follow, when in 
doubt, is to reduce the dose of drug gradually over a period of 
days and watch the patient carefully for evidence of recurrent 
infection. 

Fluid Balance: Sulfadiazine, regardless of its route of adminis- 
tration, is excreted mostly in the urine, and its elimination is 
reduced in the presence of kidney damage. Therefore, with a 
decrease in kidney function an increase in drug concentration 
in the blood occurs and, should the volume of urine become 
low, the possibility of stone formation in the urinary tract by 
precipitation of crystals of acetylsulfadiazine is greatly increased. 
However, the excretion of sulfadiazine, both the free and acetyl- 
aicd forms, is definitely increased by an increased rate of flow 
of urine. Hence it is of importance, in order to facilitate the 
excretion of the drug by the kidneys, to maintain a urinary 
output of at least 1200 cc. in each 24-hour period. This is best 
obtained by forcing fluids, either by mouth or, if necessary, 
parenterally. 

Use of Alkalis: The renal complications following sulfadia- 
zine therapy are due in part, if not entirely, to the presence in 
the urinary tract of crystals composed of the drug, especially the 
acetyl portion. Since crystalluria from sulfadiazine appears to 
be less frequent in an alkaline urine, it is advisable to admin- 
ister alkalis to patients receiving the drug. It has been our prac- 
tice to give equal amounts of sodium bicarbonate or sodium 
citrate to all sulfadiazine-treated pneumonia patients who 
showed evidence of renal impairment, and it seems practical to 
administer an alkali routinely to all patients receiving sulfa- 
diazine therapy. 

Supportive Measures: Regardless of the therapeutic value 
of sulfadiazine in pneumococdc pneumonia, it is not to be used 
to the exclusion or neglect of established supportive measures. 
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The pneumonia patient requires competent nursing care, com- 
plete mental and ph)sical rest, sufficient fresh air, easily digested 
food, and adequate houel elimination. The intelligent use of 
morphine still constitutes one ©four principal aids in the control 
of certain disturbing features of this disease, such as apprehen- 



sion. restlessness, and pain, rortuuaicly, die severity of ab- 
dominal distention is less pronounced in pneumonia patients 
receiving chcmoihcrapy than was formerly obsers’cd, although 
occasional patients svill require enemas, rectal tubes, local heat 
to the abdomen, and the use of drugs like solution of posterior 
pituitary. In general, it is best to asoid the employment of 
cailiartics. Digitalis should be administered when indicated, but 
not as a routine procedure. Wc know of no medication or food 
which cannot be given to pneumonia patients treated witli sulfa- 
diazine. 

Control of Drug Toxicity: Although the incidence and se- 
verity of toxic reactions follosving the use of sulfadiazine in 
pneumococcic pneumonia arc not as severe as those encountered 


292 • rtJMcAi- isDir^TioNS 



with sulfap)Tidine or sulfathiarole therapy, it must be remem- 
bered that the drug is not entirely harmless to the host. 

The vomiting that sometimes follows treatment with sulfa- 
diazine is rarely so severe as to necessitate stopping the drug, 
but if it becomes so it is advisable to check the fluid and salt 
balance. Cutaneous and episcleral reactions may occur at any 
time after the drug is administered, but usually after the third 
day of treatment. Usually it is best to stop the drug, although 
in certain instances, when necessary', it can be continued with 
caution. Acute hemolytic anemia has not been obser\’ed by us, 
but others have reported the development of this condition. 
In such cases the drug should be discontinued and blood trans- 
fusions employed. Toxic reactions insolving the svhite blood 
cells are essentially negligible in the treatment of uncompli- 
cated cases of pneumonia. OcatsionaUy a patient will develop 
leukopenia, but unless the dntg is given for ten days or longer 
this condition should not cause undue apprehension. Obviously 
a progressive lowering of the white blood count with a decrease 
in polymorphonuclear cells below 40 per cent is to be respected, 
although the severity of the illness not infrequently prevents 
the stopping of the drug unless type specific serum is available. 

Fever due to sulfadiazine may occur at any time, but usually 
after the fourth clay. At times it is difiicuk to determine whether 
the temperature rise represents a drug reaction or a recrudes- 
cence of the infection. The fever of the original infection is 
usually normal by the third day of treatment, except when com- 
plications develop; if the patient is clinically improved, a sec- 
ondary rise in temperature may usually be attributed to the 
drug. In such cases, if chemotherapy is stopped and fluids are 
forced, the temperature will drop within 24 to 36 hours. IVhen- 
ever possible, it is best to discontinue chemotherapy in the pres- 
ence of drug fever, as not mfreqiieiitly this cohdition is followed 
by more serious toxic reactions. Psychoses due to sulfadiazine 
are diflicult to evaluate in seriously ill pneumonia patients, but 
they do occur and, unless the infection is under control, there 
is no necessity to withdraw the drug. 
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Toxic reactions involving the wrinary tract may occur with 
sulfadiazine at any time, but are most commonly seen after the 
fifth day of treatment. As mentioned before, the renal complica- 
tions from sulfadiazine are due in part, jf not entirely, to the 
presence in tlie urinary tract of crystals composed of the drug. 
However, the presence of crystallurta alone does not indicate 
renal involvement unless it is associated with progressingoliguria. 
hematuria, azotemia, or loin pain. In this study, approximately 
one-fourth of the sulfadiazine-ireatcd patients sliowed crystals, 
presumably of the drug, in the urine. Microscopic hematuria 
was observed in 4.4 per cent of these patients, which is only 
slightly above the reported incidence of hematuria in cases of 
untreated pneumonia. Unless a considerable number of red 
blood cells are detected or other evidence of ren.il damage is 
apparent, cautious treatment may be continued; but it should 
be remembered tliat hematuria is often a precursor of severe 
renal insufficiency. Obviously, the appearance of gross hema- 
turia is an indication for stopping the drug. Although no anuria, 
renal calculi, or loin pain was seen in this group of pneumonia 
cases treated with sulfadiazine, we have encountered these com- 
plications. In practically every instance in which a severe renal 
reaction to sulfadiazine has been observed, alkalis or adequate 
quantities of fluids had not been given and sulfadiazine had been 
administered over a period of four or more days. It is our im- 
pression that the relatively low incidence of renal complica- 
tions in this scries of sulfadiazine-treated cases may be related 
to the emphasis that was constantly placed on adequate fluid 
intake during drug therapy and the administration of alkalis. 
Should any of the kidney complications mentioned be encoun- 
tered during sulfadiazine therapy, the treatment consists in 
prcivapt. ces.sa.mu of vUe drug, aiUa.Uza.tUm. of the uclae, Corciug 
of fluids, administration of hypertonic dextrose solution to 
promote diuresis and ureteral catheterization, if necessary. The 
administration of mercuTial compounds as diuretics or the use of 
magnesium sulfate as a cathartic ts contraindicated in such cases 
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Contraindications to Sulfadiazine Therapy 
Theoretically, the only possible contraindication to the use 
of sulfadiazine in pneumococdc pneumonia is a history of a 
previous sensitivity to one of the sulfonamide compounds. How- 
ever, in our experience there have been a number of patients 
who have developed toxic reactions to one of these drugs and 
not to another member of this group of compounds, although 
this would not necessarily indicate that the patient would not 
have had a toxic reaction if the origiiutl drug was used again. 
If a history of previous dnig toxicity was obtained and the patient 
required immediate specific treatment, it has been our practice 
to use chemotherapy at once and follow the patient \ery closely 
for possible drug toxicity, ratlier than delay specific treatment 
until the administration of serum was made possible. In such 
cases we selected the drug least likely to cause the same type of 
toxic reaction (Table 3). It is too early to say whether the wide- 
spread use of the sulfonamides will result in an increasing num- 
ber of patients developing sensitivity to these drugs, but, in view 
of the frequency with which pneumococcic pneumonia recurs, 
this problem merits further consideration. In a series of 24 
adults liaving recurrent pneumococcic pneumonia treated with 
sulfapyridine, sulfathiazole, or sulfadiazine on two or more occa- 
sions, there was no evidence to suggest that the repeated use of 
these compounds had influenced the incidence or severity of 
drug toxicity. The presence of jaundice, acute nephritis, anemia, 
leukopenia, or neutropenia per se in a pneumonia patient does 
not contraindicate drug therapy, as these conditions will usually 
disappear as the infection is brought under control by adequate 
sulfadiazine treatment. Obviously, if such conditions are present, 

, necessary measures should be taken to detect their further 
development. 

Management of Complications 
The presence of pus in a lesion prevents the sulfonamides 
from acting on bacteria with the same maximum effect which 
they exhibit in diffuse, nonsuppurating infections. Sulfadiazine. 
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therefore, is not to be employed as a substitute for surgical pro- 
cedures in complications from pneumonia, such as empyema or 
abscesses, although the drug may be used in the hope of prevent- 
ing a spread of the infection. Usually, in cases of massive pleural 
effusion, chemotherapy and thoracentesis svill prove sufficient; 
but, if the effusion is thick and purulent, surgical inten’ention 
is indicated. Not only is the early diagnosis of pus-containing 
lesions in cases of pneumonia of great importance as an aid in 
treatment but also the incidence of severe drug reactions is 
greater in patients receiving chemotlierapy over long periods 
of lime. 

Type-Specific Serum 

For the most part the rAle of lype-spccific serum in the treat- 
ment of pneumococcic pneumonia remains a controversial sub- 
ject. Certainly there is no clinical basis for its routine use, al- 
though there are certain pneumonia cases n-hich are benefited 
by the administration of serum in combination svith chemo- 
therapy. For the most part we liave limited the use of serum 
alone to cases in svliicli severe drug reactions prevented the 
further use of chemotherapy, and of scrum-plus drug in cases 
that failed to respond satisfactorily to the drug svithin 24 to 48 
hours. On this basis, type-specific serum svas employed in 124 
(7.G per cent) of our cases (Table 4) with a mortality of 37.9 
per cent. 'W'hether the successfully treated patients in this sub- 
group would not have recovered ivithout the additional use of 
serum, we cannot say. There were, however, a number of seri- 
ously ill patients svho showed a prompt clinical response after 
serotherapy. Not infrcqiicntlv. serum svas employed in cases 
svith serious antecedent and/or complicating diseases with little 
or no espectatioii of its being effective. Unfortunately, con- 
centrated efforts svere not made to determine which of the cases 
in the combined therapy group represented drug-last infections 
or failures in immunity response. Obviously, these two factors 
constitute the basis for the rational use of serum in those cases 
failing to respond to chemoiherapy. No doubt, with the develop- 
ment of more accuiatc methods to evaluate these factors, the 
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employment of type-specific serum tvill play a more definite r61e. 
At the present time, it seems reasonable to use serum for patients 
unable to tolerate the drug and patients failing to respond to 
chemotherapy. 1\^hen administering serum, the usual prelimi- 
nary sensitivity tests, conjunctiv'al and intradermal, must always 


Table 4 — Combined Therapy Cases 


Tjp. 

j All Cates 

Bacieiemic Cases 
{45 9 per rent) 

^'timber 

Deaths 

1 

P.’umheT 1 

Deaths 

1 

29 

7 

IS 

4 

2 

8 

2 

2 1 

] 

3 .. . . 

25 

14 

8 ' 

S 

4 . . 

12 

7 

11 

7 

7 

18 1 

5 

7 

4 

8 ... 

9 I 

3 

1 1 


Othen . . . 1 

23 j 

_1 * 

10 1 

7 

Total., . 

124 1 

47 1 

57 1 

28 

Mortality, par cent 

j 37 9 

j 49.1 


(Flippm, H T .iiti.. J. A M A) 


be performed. If these prove negative after 20 minutes, further 
intravenous testing with undiluted serum (1 cc.) is carried out. 
If, after 70 minutes, no uniotvard reaction has occurred, the 
patient is given an initial dose of 100,000 units of undiluted 
serum intravenously, followed by further injections svhen neces- 
sary. In general, if serum is beneficial, the patient will respond 
to 300,000 units or less. 

Laboratory Procedures 

The employment of certain laboratory procedures is of great 
importance in the diagnosis and treatment of pneumococcic 
pneumonia. In every case there should be adequate bacteriologic 
studies to determine the type of pneumococcus responsible for 
the infection. It is true that in most cases of pneumonia this 
information is of no therapeutic v'alue, but in instances in which 
type-specific serum is indicated, a knowledge of the pneumo- 
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coccus type is indispensable. Blood cultures should be obtained 
as soon as possible. As already mentioned, if an antisulfonamide 
substance, paraaminobenzoic acid (5 mg. per 100 cc. of medium) 
is added to the culture material, the inhibitory action of the 
sulfonamide svill be neutralized. This procedure should be 
adliered to svlicnever the patient has received even small doses 
of any sulfonamide. The sputum should be studied to deter- 
mine the pneumococcus type, but in cases in which there has 
been some delay in typing, and the blood culture is positive, 
this examination is not necessary'. 

A blood count, including hemoglobin determination, leuko- 
cyte count, and a differential enumeration of the white blood 
cells should be done, preferably before the institution of drug 
therapy. It is best to check these blood constituents every two 
or three days, especially in cases in which the drug is required 
for longer than ten days. There is no absolute relationship be- 
tween the number of leukocytesandtheseverity of the infection. 
In general, a high initial white count, which diminishes rather 
rapidly after 48 hours of treatment with the drug, is of good 
prognostic import, while a persistent or progressively high count 
often indicates a spread in the Infection or a complication. 
Patients with low initial w’hite counts are often seriously ill, but 
if they respond to treatment the count will usually increase within 
48 hours. The failure of a losv white cel) count to rise is generall) 
a poor prognostic sign. 

Because of the potential dangers of sulfadiazine to the urinary 
tract, it is important to watch every patient closely for evidence 
of renal damage. The total amount of urine voided in each 24- 
hour period should be recorded, as well as gross and microscopic 
urine studies daily, to detect any evidence of kidney irritation. 
Blood urea nitrogen or nonprotein nitrogen determinations 
should also be performed in cases in which there are diminishing 
urinary outputs, and serum chlorides should be determined in 
cases in which appreciable quantities of fluid and electrolyte are 
lost. In most instances, it is not necessary to determine the blood 
concentration of sulfadiazine. However, in cases failing to re- 
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spond satisfactorily to the drug or with diminishing urinary 
outputs, it is practical to ascertain the amount of drug in the 
circulating blood. 

The follon’ing plan of sulfadiazine treatment of pneumococcic 
pneumonia is suggested; 

1. Early treatment. 

2. Adequate chemotherapy: 

(а) Large initial dose. 

(б) Smaller doses at regular internals. 

(c) Continuation ol drug until rans-alcscence is established. 

3. Maintenance of adequate urinary output. 

4. Routine use of alkalis. 

5. Prompt recognition of drug toxicity. 

6. Determination of specific pneumococcus t^pe. 

7. Employment of other therapeutic measarei as necessary; 

(а) General supportise treatment 

(б) Type specific senim. 

(c) Surgical procedures. 

• • • « 

Long, Bliss, and Ott* reported on the treatment of 105 cases 
of pneumonia. Of these, 50 received sulfadiazine and type- 
specific serum, and 75 received sulfadiazine alone. Fifty-six of 
the 75 had pneumonia due to types I to VIII, 7 had bacteremia, 
8 had complications associated with pneumonia, and 14 had a 
major concurrent disease. The response to therapy was usually 
prompt, but depended upon blood concentration during the 
first 12 to 24 hours. Only 17 of their series of 230 patients receiv- 
ing sulfadiazine (various bacterial infections beside the cases 
of pneumonia) had toxic reactions. 

However, although sulfadiazine is much safer than siilfapyri- 
dine, it is not free from danger, as has been indicated and as is 
pointed out by Fettcr.s 

It was originally thought that the undesirable renal complica- 
tions, hematuria, renal colic, anuria, and uremia, should be much 
less frequent with sulfadiazine than with sulfathiazole, because 
of the lower acetylation of sulfadiazine, and the greater solu- 
bility of acetylsulEadiazine in the urine. However, these hopes 
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have not been borne out. All of these complications, including 
deaths from anuria, have occurred witli sulfadiazine. Further- 
more, the New York Department of Health has recently decided 
not to renew the supply of sulfadiazine to laboratory supply 
stations for the treatment of pneumococcal infections. This 
decision is based on the fact that as good results are obtained 
with sulfathiazole, which costs much less, and which probably 
produces only a few more toxicreacUons. 


Table 5 — Incidence of Toxic Reactions 


fitatlmn 

IiuiJntre fi'ilA 
Suljafytidsne 

JiKiJetue IVith 
Sul/athiatoU 

Vomiting. . . 

47.0 

too 

Hematuria. . . 

7.0 

60 

Anemia 

5.0 

5.0 

Leukopenia 

1.7 

l.l 

Drug fever .... i 

3.0 

80 

Coojunetivius. ! 


1 2.6 

Dermatitu I 

2.6 

4.2 


(Ftttff. F V. S. Mtd. Bill ) 


The present status of suirap)Tidine, sulfathiazole, and sulfa 
diaFine in the treatment of pneumonia may be summed up as 
follows; The mortality rales arc similar enough that there is no 
drug of cltoice on the basis of a lower mortality. Because of the 
much higher incidence of vomiting with sulfapyridine than with 
the other two drugs, it has been pretty well abandoned, and 
should be used only if one of the other two is not available. If 
cost need not be considered, and sulfadiazine is available, it is 
the drug of choice, but it produces toxic reactions often enough 
so that the same precautions must be taken with it as with sulfa- 
thiazole. If cost must be considered, sulfathiazole is the drug 
of choice. 

This author’s treatment follotvs: In addition to the sulfon- 
amides, which were used in all but one case, oxy’gen was used in 
120 cases (a little less than one-third of the patients) , blood 
transfusions were used in nine cases, and serum iras used in eight 
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case5. Of the sulfonamides, sulfapjTidine \vas used in 1 15 cases, 
sulfathiazole was used in 270 cases (including five ^vho received 
serum) , and sulfadiazine was used in t^vo cases {^vho also re- 
ceived serum) . As a means of forestalling toxic reactions from 
these drugs, blood counts, urinalyses, and blood-sulfonamide 
levels were done three times a week, and a urinary output of at 
least 1200 cc. each 24 hours was insisted upon. Table 5 sum- 
marizes the undesirable reactions from sulfapyridine and sulfa- 
thiazole. 

In three of the patients who developed hematuria {two treated 
with sulfapyridine and one svith sulfathiazole) , cystoscopy with 
ureteral lavage was necessary because of oliguria; all of these 
patients recovered. Anemia from the drug was considered pres- 
ent if the hemoglobin fell below 9.5 Gm., and leukopenia if the 
white blood count fell below 3500. The development of either 
of these conditions was considered an indication for stopping 
the drug. 

Aside from the high incidence of vomiting from sulfapyridine, 
the number of toxic reactions with both drugs was relatively 
small. None of the deaths was attributable, even in part, to 
the drug. 

Serum; Specific ancipneumococcus rabbit serum was used in 
eight patients. In six of these it was given because the patient 
failed to improve and remained seriously ill after 24 to 48 hours’ 
treatment with a sulfonamide. In one patient a persistent leuko- 
penia (the initial white blood count tvas 1750) tvas an additional 
indication for serum, which was started 18 hours after failure 
to improve with sulfathiazole. In the last case, serum was given 
instead of sulfathiazole because the patient had aplastic anemia 
from benzene poisoning before the development of the pneu- 
monia, Table 6 summarizes the cases treated with ‘serum. 

Deaths: Of the 388 patients, 35 died, a mortality rate of nine 
per cent. Six of these 35 patients died in less than 24 hours after 
admission to the hospital. If these are excluded the number of 
deaths is 29 and the mortality rate is 7,5 per cent. All deaths 
were in veterans and none was in active-service patients. Autop- 
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Tablf G — Pneuvjoxia Cases TRCAxto wtru Si rum 


Type of i 
Pneumocoecus 

Blood \ 
Cullurt 

Iiidtfaltm Jot Snam 

Total 

Strum 

Units 

BtsuW 

1 

Negative 

Failure toimpnovewidisulfonamide 

, 410,000 i 

Cure. 

1 

Positive 

. do 

' 220,000 

Do. 

I 

Negative 

. . do. 

80,000 

Do 

t 


do 

200,000 

Do 

1 

1 Positive 

do 

200,000 

Do. 

1 

' Negative 

do. 

320,000 

Do. 

4 

Positive 

Failure to improve viUtisuKonainide, 





1 and leukopenia (\VBC t750) 

200,000 

Dealt 

14 

I Negative 

1 Aplastic anemia (wuc; :euuu) 

140,000 

Cure. 


(Ft«Kr, F vs. Narjl MrJ. B,n > 


sies were perfoTmecl in 17 cases, slightly less than halt ot the 
deaths. Table 7 summarizes the inorialiiy rates with the various 
kinds of treatment. 

Tactors Influencing Mortality: The mortality rate is seen to 
be losver with sulfathiazole than svith sulfapyridine. However, 
one cannot jump to the conclusion that the former drug is moie 
effective than the latter, as the types of patients treated with the 
two drugs were somewhat different. Sulfapyridine was used dur- 
ing the first eiglit montlis of 1911, when the great majority of 


Table 7— -MoRrALTrY wmi Various Ktxns of Tbcatmlnt 


TrtatmfnI ^ 

1 

Numbtr 

i 

1 AimSrf 

1 Dtaths 

\ 

1 MoftiJiif lintt I 
laneorrttlti) 1 

ffiimbef 
Deaths 
Within 
Z1 Hants 

\ Aiorlalilj'ltate 

1 CxchoUng 

ZJ-Hoht Deaths 

All types 

368 

\ 35 

i 

^0 

6 

^7.5 

Sulfapyridine 

115 

15 

13 0 : 

3 

10.4 

Sulfathiazole. 

Serum and 

265 

19 

7.1 1 

3 

1 

sulfonamide* 

8 

' 

125 




•One of ihese pauenU, ihe aplasuc ancmU ease, received jeruta only. 

(Fdter, F • U.S. Sjrat MiJ B.« > 
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patients were veterans who were in the older age group. After 
September, 1941, when sulfathiazole was used, the number of 
younger active-service patients increased up to more than half 
the total. Further, it should be recalled that all of our deaths 
occurred in veterans. The mortality from pneumonia in naval 
service patients has been much lower than in the population at 
large, doubtless due to the facts that the patients come from the 
younger age group and are a selected group of particularly 
healthy individuals to begin with. This low mortality is shotvn 
in Table 8, the data for which were taken from the Statistics of 
Diseases and Injuries in the Nat'y for 1940. 


Table 8 — Pneumonia Statistics in the Navy for 1910 


Form 

A'umbtr 
of tastt 

Dtalhi 

Mprlaliljf 

Aierage ef 
preceding 
Qyeatf 

Lobar 

367 

10 

^ 2.7 

per cent 

15 8 

Broncho 

216 

6 

2.8 

n.7 

Toial 

583 

16 

2.7 

! 


(F«tf«f. F • U.S. Htvel MeJ. Butt ) 


Navy statistics show further that while pneumonia and influ- 
enza, which are grouped togctlier, were the third commonest 
cause of death in 1936, they had dropped to seventh place in 1940. 

Before the introduction of the sulfonamides it was previously 
healthy young adults who were apt to die of pneumonia. Now 
It has been found that most deaths occur in infants under one 
\ear of age and in adults over 50 years. The youngest patient 
in our series to die was 43 years and 19 of the 35 deaths occurred 
in patients over 50 years. 

In addition to the age factor, the presence of complicating 
diseases has an adverse effect on the mortality from pneumonia. 
Some complicating disease was present in all but four of the 35 
deaths in this series. These are summarized in Table 9. 
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Tablf, 9 — Complicating Diseases in Fatal Cases 


Comfluathg Ateau 

/I'umltr tf 

Heart disease . . . .. 

13 

Alcoholism ...... . . .. 

8 

Cerebral vascular aeddent. .. . . .... 

3 

Bronchial asthma. . . . 

3 

Bronchiectasis... . . 

2 

Empyema .... 

1 

Cirrhosis of liver with hematemesis. . 

1 

Nooc . . . 

4 

Total.. . . . . 

i “ 


(frtttr. F.S y, S. NtrdI Mt4. Btlt.) 


Bacteremia has also been considered an important factor in 
pneumonia mortality. Stable^ found the mortality rate in bac- 
feremic cases to be three times th.it in the nonbacteremic ( 29.5 
per cent and 9.2 per cent), and in Flijjpin, Reinhold, and 
Schwarti’s** series of 400 patients the mortality rate in the bac* 
teremic patients was very high, 42 per cent. In Stahle’s series, how- 
ever, only 3 out of 23 patients with positive blood cultures died, 
giving a mortality rate of IS percent, which is only a little higher 
than the general mortality rate of nine per cent. However, tiie 
small number of bacteremic patients in this scries makes these 
findings less conclusive than those in larger series. 

REFERENCES 

1 FuppiN, H. F.: Schwartz. L., and Domm. A. H.; J. A. M. A. 121:230 

(Jnn 23) 1943. 

2 Lonb, P. H.: Buss, E. A., and Orr, E.: Bull. Johns Hopkins Itosp. 69: 

297 (Oct) 1941. 

3. FettiR. F.: U. S. Naval Med. Bull. 41:655 (May) 1948. 

4 Stahle. D. C.: J. A. M. A. 118.440 (Feb. 7) 1912. 

5 FuppiN, H F .5 Rose, S. B.j ScinvARit. I-, and Domm, A. H.: Am. J. 5f. 

Sc 201:585 (April) 1941. 


301 • CLINICAL INDICATIONS 



PSITTACOSIS 

While reports are very meager, there is some evidence that 
the sulfonamides are effective against psittacosis. The present 
belief is that parrot fever is a virus disease and the general rule 
is that the sulfonamides are ineffective against diseases caused 
by the viruses but this may be a notable exception. In any case, 
since the disease has a mortality of approximately 30 per cent 
and since there is no specific treatment against it, it n’ould seem 
worth while to give sulfanilamide or sulfadiazine a trial. 

PUERPERAL INJECTION 

In no disease, says Brown,* does prophylaxis play a more 
important role. Here, preeminently, is illustrated the wisdom 
of the proverbial ounce of prevention. 

Much in a preventive line can be done during pregnancy to 
get the woman into perfect condition for the risks of labor. Local 
diseases, such as vulvitis, cervicitis, otitis media, and sinusitis, 
should be cleared up well if possible before labor supervenes. 
Appropriate treatment for such general diseases as diabetes 
mellitus, syphilis, heart disease, etc., is of course obvious, but 
sometimes neglected. Especially is it important to clear up sec* 
ondary anemia, which is common in the last trimester. If the 
hemoglobin is belou' 60 per cent the patient should be trans- 
fused before labor. 

In labor the number of internal examinations should be 
limited to an irreducible minimum. The conduct of labor should 
be controlled, so far as possible, by external and rectal examina- 
tion. During labor the woman’s reserves should be protected 
by getting her sufficient sleep, rest, food, and liquids. Obstetric 
shock may follow a protracted labor, one in svhich exhaustion, 
starvation, and dehydration combine to reduce resistance, and 
sepsis may be lighted up. Just as important is the prevention of 
bleeding during labor. 

In recognition of the frequency of air-bome infections and 
of the corollary that the source of many of these is the air passages 
of the attendants, masking of the nose and mouth should be 
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insisted upon. In most modern institutions this rule is among 
ilie regulations, but too often it is not abided by. For the same 
re.ison, if the patient should have an upper respiratory infection, 
she should also be masked. Colebrook aptly warns of the danger 
tliat less care may be taken with the antiseptic ritual since the 
introduction of the sulfonamides. 

In the second stage, early eplsiotomy often prevents the occur- 
rence of irregtdar, ragged tears. Many of us arc often prone to 
use low forceps before the head has “ironed out" the pelvic floor 
and perineum. On the other hand, allowing the head to pound 
on a rigid pelvic floor for hours frequently harms both the mother 
and child. 

The third stage should be conducted as physiologically as 
possible. Great care should be taken to obtain the placenta and 
membranes complete, as retained portions of eitlier serve as an 
excellent culture medium for oiganisms that happen to be 
present. If a piece of placenta is missing, it sliould be removed 
manually at the time. If die major portion of the membranes 
is retained, this also should be removed. It is now customary 
to give a routine dose of some oxytocic to insure tlic uterus 
remaining firmly contracted for several hours after delivery. A 
firm uterus is an excellent barrier against bacterial invasion. 

Repair of all lacerations of the perineitm and \.agina is im- 
portant, and, if there is any reason to suspect kicemtion of the 
cervix, this should be inspected and sutured if necessary. 

^Vllcn careful examination has excluded all other causes for 
the illness and a diagnosis of puerperal infection is made, the 
ivoman should be isolated in the lightest, airiest room available, 
and every attempt made to put her at complete mental and 
ph>sical rest. HcrbcdispIacedintheFowlerposition. General 
supportive treatment provides adequate diet, elimination, relief 
of pain. etc. The use of ergot for several da>s helps in keeping 
liie uterus contracted. Culture of the lochia, taken from the 
vagina, should be sent for bactcriologic analysis. Developments 
may tiien be awaited. The days of active local treatment, as witli 
intrauterine douches, strong antiseptics, and cureit.ige, arc gone. 
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The only permissible indication for local treatment should be 
the use o£ iodoform packing in case of intractable uterine 
bleeding. 

As to specific treatment, the results of the use of vaccines, sera, 
and foreign protein therapy, on the whole, have been quite dis- 
appointing. The use of frequently repeated transfusions of 200 
or 300 cc. of blood every two or three days is now svell estab- 
lished and of real benefit. Use of blood from a donor who has 
recovered from a similar infection is of even greater benefit when 
available. 

It is in the field of chemotherapy that the most important 
recent advances have been made. Colebrook’s report in 1936 
on the use of prontosil in 38 cases of puerperal hemolytic strepto- 
coccal infection with only three deaths was the forerunner of 
the widespread employment of the sulfonamide drugs in this 
type of infection, as well as numerous others. Probably the most 
brilliant results have been obtained with the use of sulfanilamide 
for patients infected with the hemolytic streptococcus. In many 
of these there existed an actual bacteremia, a condition formerly 
almost always fatal. Wliat a hopeless feeling it was to read the 
laboratory report, "blood culture positive for hemolytic strepto- 
coccus,” practically a death sentence. But now such a report on 
an ill patient, by contrast, is almost reassuring with sulfanil- 
amide to fall back on. Particularly if the streptococcus is of the 
beta group is our drug more effective. The maximum initial 
dose (5 Gm.) should be given at once, particularly if the patient 
is acutely ill. This should be followed by 1 Gm. every four hours 
around the clock and tontinucd until the temperature has been 
normal for five to seven days. We seek to maintain a blood con- 
centration of 10 mg. per cent. Then the dose is tapered off over 
several days. 

If cultures reveal the staphylococcus or B. coli, sulfathiazole 
may give us better results than sulfanilamide. Newer members 
of this group of drugs are constantly being experimented with, 
and it is hoped that some of the more recently developed drugs 
will provide greater protection against types of infection than 
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is now possible, and also that the toxicity will be reduced 
materially. 

Occasional marked individual susceptibility to the toxic effects 
of various members of the sulfonamide group should give us 
real concern when administering these drugs. The toxic mani- 
festations and the precautions to be observed in tlie course of 
therapy are tvell outlined in a recent article by Perrin II. Long 
and his associates. Since they arc outstanding authorities on diis 
subject, wc can well afford to pay heed to the advice offered in 
some of the following quotations: 

“"Whenever possible, it is svise to utilize every available means 
of laboratory control in following patients who are receiving 
sulfanilamide or one of its derivatives. White blood cell counts, 
hemoglobin determinations, and urinalysis should be done 
whenever circumstances permit. However, ^viih the exception 
of acute leukopenia, all the toxic manifestations of these drugs 
whiclt may occur in the first nvo weeks of therapy can be recog- 
nized by careful clinical observation, and tl)e autliors feel that 
no physician siiould hesitate to administer these drugs in thera- 
peutically adequate amounts, provided he can see his patient at 
least once a day. 

"At the lime the physician visits the patient who Is receiving 
one of these drugs he should inquire as to Ills symptoms, espe- 
cially in respect to headache, bodyaching, or malaise, because 
these symptoms are often the precursors of many of the toxic 
reactions. In addition, the scicrae should be examined for the 
presence of j.aundice, the mucotts membranes for pallor, and the 
skin for evidences of rash. The temperature should be taken 
several times a day to detect whether drug fever is present, and 
particularly is this important after chills. 

"No special precautions have to be observed in respect to tlie 
urine of patients who are receiving sulfanilamide, but it is highly 
important that the urine of patients taking sulfapyridine or 
sulfathiazole be measured daily. In tliis way it is possible to 
delect an oliguria which heralds an approaching anuria. 
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“Finally, one should ahvays remember that if a patient has 
once had drug fever, rash, hepatitis, leukopenia, acute hemolytic 
anemia, diarrhea, or purpura hemorrhagica in the course of 
therapy with sulfanilamide or its derivatives, he is likely to have 
a second, earlier, and more severe toxic reaction if the drug is 
administered a second time. Therefore, it is highly important 
to determine whether or not a patient has previously had a toxic 
reaction in the course of therapy with one or another of these 
drugs. If he gives a history' of such a toxic reaction, it is best to 
give a small test dose of the drug (0.3 Gm.) and observe the 
patient carefully for 12 hours before cautiously beginning the 
course of therapy. Patients who have had a toxic reaction caused 
by one of these drugs may have a similar reaction when another 
member of the sulfonamide group is prescribed.” 

If these precautions are borne in mind the likelihood of un- 
fortunate results with sulfonamide therapy will be rare and the 
adv'antages of this new addition to our armamentarium will be 
more fully realized. 
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PYODERMA CANGRAENOSUM 

See page i6^ 

■o 

PYOGENIC DERMATOSIS 

See page 
■o 

PYURIA 

See page ryr 
«> 

RESPIRATORY TRACT INFECTIONS^ 

The introduction of any valuable new remedy is usually fol- 
lowed by a period of overenihusiasm regarding its use, then by 
a period of disillusionment, before it is finally given its rightful 
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place in the scheme of tilings. Tins sequence ivas evident after 
the introduction of quinine for malaria and of salvarsan for 
sy])hilis. Both drugs were, and still arc, used for other infections 
for wliich they hate no specific therapeutic value. This in itself 
is not in conformity with good medical practice, unless they are 
used as tests in a controlled experimental manner. In most cases 
no particular harm results except for the danger of toxic or 
untoward effects which may be caused by the drugs themselves. 

A similar siiu.ation pertains to the use of tlie sulfonamide com- 
jKninds, which at present appear to be enjoying ilie period of 
enthusiasm, so much so that they have recently been called 
"God’s powder." It is still true that the sulfonamide compounds 
are of pro\ed value only in infections caused hy hemolytic 
streptococci, pneumococci, meningococci, gonococci, d>scntcry 
bacilli, in certain bacillary infections of the urinary tract, and 
in a few other infectious diseases, yet the chief indication for 
their widespread use seems to be fever, regardless of its cause. 
Because of ccrt.ain iuconveniences involved in making exact 
diagnoses according to ciuse, by winch appropriatcchcmothcrapy 
may be decided upon, there is indifference or reluctance to do 
so. Here again it is possible that no grc.it harm may result in 
using sulfonamide routinely and empirically, but at present, 
until more facts arc at hand, such practice should be rigorously 
discouraged. Besides their possible immediate toxic effects, no 
one as ^ci knows the extent .md gravity of the danger wlilrh 
may arise from hypersensitivity after the use of sulfomimide 
compounds, if and when one of them is actually needed later for 
some serious infection. 

The whole matter should be given serious consideration, 
because of the published advice to give the drug routinely in 
any mild infection of the respiratory tract to control the infec- 
tion itself and to pievent the possible development of pneu- 
(Tionia. li shotiid ^ emphasized that no one has .as yet proved 
that the common cold is amenable to chemotherapy. Opinion 
is even divided as to the specific licncfit of chemotherapy in un- 
complicated piiaryngitis or tonsillitis caused by the hemolytic 
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streptococcus. According to one observ’er, hemolytic strepto- 
cocci actually developed in a patient who was receiving chemo- 
therapy for another reason. Furthermore, it is a common failing 
to label any sore throat a “streptococcus throat” without an 
attempt to prove that the hemolytic streptococcus is the cause. 

As for as preventing pneumonia in patients with colds is con- 
cerned, the value of chemoprophylaxis is equally uncertain. If 
only about one out of every 1000 patients w’ith colds develops 
pneumonia, it seems hardly fair to subject the test of them even 
to the apparently slight hazards of toxicity or sensitization to 
drugs. Then again, of the 0.1 per cent who do develop pneu- 
monia, the disease will not in all cases be caused by the pneumo- 
coccus, and the value of sulfonamide chemotherapy for hemo- 
lytic streptococcic or staphylococcic pneumonia is far from 
being proved. And it is of no value whatever in pneumonias 
caused by viruses. In the present season, for example, about 75 
cent of the pneumonias have been caused by agents other than 
those amenable to chemotherapy, and in many cases where 
chemotherapy w'as not used the mortality was nil. Circumstances 
may, however, change at any time; an epidem ic of pneitmococcic 
pneumonia may develop which urgently requires chemotherapy. 
On clinical grounds alone it is usually possible to differentiate 
typical pneumococcic lobar pneumonia from the atypical forms 
in which chemotherapy is of no arail. But the keystone of intelli- 
gent treatment of acute infections of the respiratory tract with 
sulfonamide compounds rests on accurate etiologic diagnosis 
and good clinical judgment. It is discouraging to learn from a 
recent investigation on the diagnosis of pneumonia that in only 
17 per cent of cases were any attempts made to discover the 
causative organism. Such indifference is not consistent with 
good medical practice. 

Until controlled investigation proves the harmlessness of in- 
discriminate sulfon.irnide therapy, or its beneficial effects either 
in controlling the common cold or mild infections of the respira- 
tory tract, or in presenting the development of pneumonia in 
such cases, it should not be used routinely. The possible benefits 
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of its use in this manner must be carefully weighed against the 
possible harmful effects of the drugs themsehes. They are, 
hou’cvcr, a few circumstances when sulfonamide compounds 
may be helpful as clieinopropliylaxis in mild respirator^’ tract 
infections: (1) If some serious infection caused by bacteria sensi- 
tive to sulfonamide compounds, such as pneumococcic pneu- 
monia or meningococcic meningitis, is also prevalent; (2) in 
obstetric patients at or near term; and (3) in patients with 
cardiac valvular lesions to prevent the development of subacute 
bacterial endocarditis, in spue of the doubtful effect of tbe sulfon- 
amide compounds on the Streptococcus viridans. 

Chemotherapy may l)e used empirically in the occasional 
case of pneumonia of doubtful cause if facilities are not available 
for laboratory studies, and in setere cases of sore throat caused 
by the hemolytic streptococcus with lymphadenopathy and 
threatened or actual septicemia. 
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RHEUMATIC FEVER 
5re /Mges 6 hihI / ?o 


ROSENBACH’S ERYSIPELOID 
See page idS 

ACUTE SALPINGITIS 

Sulfathiaiole and sulfanilamide were used alternately by- 
Barrows and Labatei In the treatment of 71 patients witli their 
fstst attacks of acute salpingitis and 133 patients during an acute 
c.xacerbation of chronic salpingitis. Gonococcic cervicitis and 
uiethritis made a good response to sulfonamide therapy. All 
of the previous positive smears became negative after treatment. 
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However, the effectiveness of chemotherapy’ on gonococcic lesions 
above the level oE the internal os is dependent directly upon 
the duration of the disease before treatment is instituted and 
upon the extent of the tubal damage uhich has been incurred. 
In 70 per cent of the patients with mild attacks and in 66 per 
cent of those with a moderate initial attack of less than five days, 
complete resolution of adnexal masses occurred within one 
week after the beginning of chemotherapy. There was no ade- 
quate response of primary salpingitis which had a duration of 
more than five days nor of recurrent salpingitis in the moderate 
or severe groups. Permanent damage of the fallopian tubes may 
be prevented or minimized if sulfonamide therapy is begun 
within five days of an initial attack of adnexal disease. 
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RHINITIS 

Sec Common Cold, pages 6 ntul i6i 
o 

SCARLET FEVER 
See pages 6 and //a 
<» 

SERPENT ULCER OF EYE 

See page 266 


SINUSITIS 

See page 2/S 


SINUS SURGERY 

LittelU reports on the local use of undiluted sulfonamide 
drugs in sinus surgery'. 
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About a )ear ago it occurred to the writer that the sulfon- 
amides in pure form might play a very useful part in preventing 
reactionary inflammation in the raw surfaces created by sinus 
surgery. Here there are more or less large areas of bone, denuded 
of infected mucoperiosteum, lying exposed in a necessarily 
infected field. Our effort has been to use it on these raw surfaces 
only, as In the denuded bone follosvtng cthmoidectomy, where 
there is a considerable area of this kind. 

This report co\ers observations on 80 cases of partial or com- 
plete ethmoidectomy, of which 39 were bilateral. These were all 
intranasal operations except three which were external, and all 
presented a considerable raw infected surface on which tlie 
powder was used. The drug was omitted in the uncomplicated 
submucous operation, as there is only a minimal exposed raw 
surface presented following tins operation. The use of the 
powder on the mucous membrane of the nose has seemed to us 
to result in a reactionary inflammation of a definite degree (its 
high pH) , as demonstrated by blowing the jiou’der into one 
side of the nose, having the other untreated side as a control, 
in the ofUce care of ttasal infection. For this reason its use was 
confined to raw surfaces only. 

Its effect on the denuded bone of the ethmoid has apparentl) 
been favorable. These cases have seemed to do exceptionally 
well. Tlie surgical reactions has'c been minimal and case for 
case much less than would appear to be expected for tlie given 
degree of pathology. Ethnioidectomies done during the less 
favorable months of the year, or when a somewhat more active 
inflammator)' state tlian perfectly desirable prevailed, have been 
afebrile and amazingly comfortable from the first day on. Further- 
more, almost invariably they have seemed to bleed less during 
the six hours following surgery' than before. 

Instead of impregnating ganze with the powder, as Kern does, 
our custom has been to blow it on to whatever area we desire 
with ilie powder blower. The drug is then in intimate contact 
with the entire bare area and remains there. Perhaps the gauze- 
impregnated packing is better, and I shall be glad to try it, but 
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it would seem reasonable to suppose that the drug would be 
much more readily available to the tissue when blown on to it, 
for here we have an uninterrupted carpet of the drug filling 
every surface irregularity, whereas with the packing there would 
he tissue contact with it only in very occasional and irregular 
fashion. This is particularly true when one folds the vaseline 
packing in quite loosely, as we do, with very little contact any- 
ivhere. 

The use of the blower also allows one to avoid packing if he 
chooses. We usually find it unnecessary to use packing of any 
kind in nasal or sinus surgery, except a light pack for a submucous 
operation to prevent a hematoma, or to serve as a matrix for a 
clot if the patient shows more than the average tendency to 
bleed. We ha\e no quarrel with those who prefer a light pack 
elsewhere, but simply feel it is usually unnecessary', as the patient 
is much happier without it, and the results are at least as good. 
The powder has seemed helpful in postoperative exuberant 
granulations In the nose, hastening their disappearance and 
causing no reaction if the drug is limited to the granulation 
surface only. 

Sulfanilamide powder was used in the first 20 cases, after which 
sodium sulfathiazole potvder was substituted. It was thought 
that this drug might control a larger proportion of the prevail- 
ing microoiganisms found in this area. The results, however, 
were not noticeably different. There ivas one disadvantage in 
that the powder of the latter drug proved to have a somewhat 
flocculent character, and it was more difficult to maintain the 
patency of the powder blower. Since midsummer sve have used 
sulfatluazole crystals which we further pulverized in a mortar. 
These particles remain more discrete, do not clump, as does the 
posvder, and coat the raw surface evenly. 

We realize that the above is concerned with clinical observa- 
tions, in contradistinction to the research methods of the labora- 
tory, but the results seem of such a definite nature as to justify 
and encourage further trial of these drugs in the fields suggested, 
as well as perhaps associated fields. The series is not large and, 
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as in the case with any new drug or method, enthusiasm should 
be restrained until our observ'atiom have stood the test that time 
imposes. The use of these drugs should not make us feel privi- 
leged to take undue surgical risks wiUi the hope that their use will 
cover up or mitigate any mistakes in judgment. But, whether 
or not it is justified, 1 cannot help sharing Kern's feeling of 
security when the undilutetl sulfonamide drugs are used follow- 
ing nasal surgery'. 
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SMALLPOX 

\Vilkinsoni treated 13 toxic cases of smallpox with sulfanila- 
mide, giving I Gin. every four hours day and night, with the 
usual modifications for children. Ten of the cases were unvao 
cinaied and three showed good vaccinal scars. Twelve were 
admitted to the hospital on or before the sixth day of tlic disease. 
On the average these cases lived days, so that the drug did 
not have long to act, but the n.atural course of the disease was 
not modified in the least. 

Forty-nine patients in the focal phase, unvaccinated, received 
the same dosage of sulfanilamide. In 19 of these the vesicles, 
instead of developing into mature pustules, dried up and left 
the face covered with a multitude of small horny pocks resem- 
bling the horn-pock condition so often seen in well-modified 
smallpox. In these 19 cases the secondary focal or septic fever 
was either annulled nr dimtnislied. 

In the focal phase, vacrin.iled. there were 41 patients vvlio 
received suHanilamide for some septic complication, the com- 
monest being boils, muscle abscesses, skin sloughing, cellulitis, 
and otitis media. Rarer complications were panoplulialmitis, 
suppurative arthritis or periostitis, and streptococcal infections 
of the urinary tract. It was in these complications that sulfanil.i 
midc proved most valuable. In no case was the drug .started 
until the complication had developed. Local antiseptic dressings 
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were used once drainage of an abscess was established, and 
recovery ^vas arrays prompt and uninterrupted providing sulfa- 
nilamide tvas given in adequate dosage. 

Of the total of 103 patients treated with sulfanilamide during 
this epidemic 26 died, a fatality of approximately 25 |>er cent, 
against a fatality of 44 per cent for die entire epidemic. 

REFERENCE 

1. 'W'lLKiNSON, P. B.; The Lancet (London) 2-67 (July 18) 1942. 


STREPTOCOCCUS VIRIDANS SEPTICEMIA 
Tannenbaum^ reports a case of streptococcus viridans septi- 
cemia cured with sulfapyridine. The diagnosis was established 
by four positive blood cultures. The patient was discharged 
from the hospital cured, as evidenced by six negative blood cub 
tures and by normal physical and laboratory examinations. 

Treatment was started with 4 Cm. of sulfaihiazole, follosved 
by 1 Cm. every' four hours. Pericarditis and endocarditis de- 
veloped and treatment was then switched to sodium sulfapyri- 
dine intravenously. Six Cm. were given in 150 cc. of sterile 
distilled tvater tirice daily in addition to 1 Cm. by mouth every 
four hours. Additional therapy consisted of whole blood, dex- 
trose, and physiologic saline solution. The blood sulfapyTidine 
concentration reached 16 mg. per 100 cc. After four days the 
temperature was within normal limits. Examination six months 
after the onset of the illness revealed no abnormal physical or 
laboratory findings. 
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STYE (PERIFOLLICULITIS; HORDEOLUM) 

Se)fa 1 rcportf the vie oi sv^hthiazoie in stye, imh cure in hoin 
two to four days. He gives 0.03 to 0.04 Gm. per kg. of body 
weight orally for from six to nine days. 

However, in such a minor infection as stye, it scarcely seems 
like good therapy to subject the patient in ordinary circum- 
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stances to the dangers of toxic reactions from the sulfonamide 
drugs. 
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SURGICAL INFECTIONS 

Veal and Klepser^ repon on the use of sulfanilamide in 300 
infected n’ounds, including infected burns, compound fractures, 
leg ulcers, decubital ulcers, localized abscesses, and carbuncles. 
Powdered sulfanilamide tvas used in the early stages of these 
conditions, and. as soon as bacterial growth and the exudate had 
diminished and the inflamniation had subsided, the daily ap- 
plication of poAvdered sulfanilamide was replaced by the daily 
application, o\er the entire lesion, of a thin layer of stilfanil- 
allantoin ointment. This was covered with a dry gauze dressing. 

Systemic toxic reactions or the cyanosis seen so frequently 
after the oral or the parenteral administration of sulfanilamide 
was not obsers'ed in tlie patients treated locally. Hotvever, there 
was a cumulative rise of the level of sulfanilamide in the blood 
in certain patients given large daily doses o\ er a long period. 

The accepted rtilc for dosage in local application of sulfanil- 
amide should be followed in these conditions. One Gm. is 
applied for each ten square inches of surface insolved, but in 
closed cavities not more than 5 Gm. should be used. At no lime 
should more than 15 Cm. be »ised locally, for the drug is ab- 
sorbed leadily and toxic reactions can readily develop. 
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TONSILLITIS 

Sec paf'cs S and 


TRAaiOMA 
See page s6y 
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TRENCH MOUTH 


Hirsch and Spingarn* found sulfathiazole effective in eight 
cases of fusospirochetal infections of the mouth and throat. 
Their report follotvs: 

The patients with gingivitis were given 1 Cm. of sulfatfiiazole 
four times daily. Their mess gear and drinking glasses were 
isolated, but they were allowed to perform their usual duties. 
The lesions were inspected daily and smears trere made and 
stained for organisms. No other treatment of any sort tvas given 
while the drug was being taken. 

The patients with angina were confined to bed in an isolation 
ward and were given an initial dose of 2 Gm. of sulfathiazole, 
followed by 1 Gm. every four hours during the day only. In 
addition, they ^ve^e given throat irrigations two or three times 
daily. (In one case, sodium perborate was used; in the other, 
saline solution.) 

In each group treatment was stopped when the fusiform bacilli 
and spirochetes had almost completely disappeared from the 
smears (within two to six days) . 

In the six cases of gingivitis symptomatic relief was obtained 
within 24 hours after the sulfathiazole was started. The patients 
stated that the gums were no longer sore and that they could 
brush their teeth with less pain and bleeding. Removal of the 
exudate from the interdental papillae by means of a cotton swab 
after 48 to 72 hours of treatment did not cause bleeding and 
revealed pink, healthy-looking gingiv'al tissue. The daily smears 
of the affected areas showed a striking decrease in the number 
of Vincent’s org.anisms after 24 hours of treatment (4 Gm. of 
sulfathiazole) and the almost complete disappearance of these 
bacteria from the smear where treatment was stopped within 
two to six days. Follow-up examinations one to four weeks after 
the cessation of the drug failed to reveal any evidence of a 
recurrence. 

In the two cases with tonsillar or pharyngeal involvement, the 
response to sulfathiazole was prompt. In the first case, the infec- 
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tion had produced a deep ulceration of the left tonsil (aiito- 
lonsillcctom)) , tvhich was associated with extreme dysjihagia, 
malaise, and a temperature of 100“ F. (oral) . On the fourth day 
of treatment, the peritonsillar swelling had subsided and smeais 
from the depth of the ulcer crater revealed only an occasional 
spiroclicte. The temperature returned to normal wivhitt 24 hours 
and a tender cen'ical lymphadenitis subsided shortly tlicreaftcr. 

The second patient u-as seen first with the typical fmdings of 
infectious mononucleosis, as indicated by the characteristic blood 
picture and a heterophile antibody litre of 1:17D2 (report from 
the National Naval Medical Center) . On the fifth day of this 
disease, he complained of severe dysphagia and, on examination, 
there were whitish patches on both fauces that extended to the 
uvula. The exudate was easily removed and on smear .showed 
many spiroclieies and fusiform bacilli. Throat irrigations with 
sodium perborate svere instituted. There was no local improve- 
ment and ilic patient continued to have an elevated tempera- 
lure. On the seventh day he was given suifaihiazole and within 
48 hours the pharyngeal signs regressed, the temperature became 
normal, and the patient fell much improved. 
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TUBERCULOSIS 

The sulfonamide group of drugs gave much hope that the 
cure of tuberculosis was ai hand. In fact, sulfanilamide and 
siilfathiazole appear to have some inhibiting effect on tlie de- 
velopment of experimental tuberculosis in guinea pigs.* Ziicker, 
Pinner, and Hyman- gave sulfanilamide in large doses by intra- 
venous drip to 13 patients with pulmonary tuberculosis witliout 
causing any change in the parenchymal lesions, although two 
mucosal tuberculous lesions, a pharyngeal ulcer, and an endo- 
bronchial lesion healed during the period of ueatmeni. 

A new siilfonc drug, proniin (sodium P,P'-flianiinoplicn>I 
stilfone N-N' didextrose sulfonate), recently seemed to give 
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much promise. Various reports on the use of this drug^- *’ 5. t 
in experimental tuberculosis in guinea pigs gave indications that 
it is of value in preventing and arresting the infection. However, 
the results obtained in human tuberculosis ^vere not as favor- 
able. Zucher, Pinner, and Hyman, ^ for instance, gave promin 
in large doses by continuous intravenous drip to 12 patients with- 
out bringing about any improvement in the parenchymal lesions, 
although, just as in their rrork rvith sulfanilamide, they brought 
about healing of a tracheobronchial ulcer. 

A draivback to the use of promin is the high incidence of toxic 
reactions, particularly hemolytic anemia.® 

Hinshaw, Pfuetze, and Feldman® report on the treatment of 
36 patients with promin. It is important, they sa>, to indicate 
some limitations of chemotherapy with promin as well as to 
suggest lines for further investigation. Evidence appears ade- 
quate to state that the drug, when administered as we have used 
it, will not sterilize the body promptly of tubercle bacilli and 
that late destructis e terminal stages of tuberculosis are not influ- 
enced fasorably. These late stages of tuberculosis are as dif- 
ferent from early exudative infiltration as postpneumonic pul- 
monary' abscess is unlike early pneumonia. In pneumococcic 
pneumonia and in other diseases amenable to chemotherapy 
early treatment is necessary to secure good results. If treatment 
is delayed until destruction of tissue occurs, the prompt, dra- 
matic arrest of the infection is not to be expected. ^Ve cannot 
know at this time if there will be similar limitations to chemo- 
therapy in tuberculosis, but this comparison should be kept 
in mind. 

The failure of promin to cure tuberculous meningitis brings 
to blind the dilficulties of treatment of pneumococcic meningitis, 
which necessitate much more intensive and more prolonged 
chemotherapy than is required in treatment of early pneumonia. 
The toxic properties of promin are too great to permit similar 
increase of dosage for treatment of tuberculous meningitis. 

The successful treatment of experimental tuberculosis of 
guinea pigs with promin has been accomplished ivhen treat- 
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ment >vas delayed for six weeks after infection. Biopsy of lesions 
in the liver at this time has demonstrated that simple discrete 
tubercles alone were present when treatment was started. Casea- 
tion necrosis svitli tissue destruction was not observed before 
treatment in these experiments. Sudi lesions may be comparable 
to recent pulmonary infiltrations in man. The clinical evidence 
suggests possible therapeutic effect, especially in those patients 
whose lesions are more comparable to those of guinea pigs and 
in svhich the tolerated dose more nearly approaches that of the 
animals. 

Further trial of promm in treatment of pulmonary tuber- 
culosis appears justified. The results obtained in the present 
report suggest that emphasis should be placed on study of recent 
lesions without evidence of destruction of tissue or extettsive 
fibrosis and that treatment of terminal phases of the disease 
should not be encouraged. 

If it is possible to modify the toxic and therapeutic properties 
of the sulfone series of drugs as favorably as lias been accom- 
plished for the sulfonamide series, we may anticipate further 
progress in clinical chemotherapy of tuberculosis. 
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TULAREMIA 

iVfay'^ reports a case of late tularemic septicemia ivitii recovery 
following medication with sulfonamide compounds. Treatment 
was started with prontjlin 5 grains every three hours and 5 cc. 
of prontosil solution every four hours intramuscularly. A total 
dosage of 90 grains of prontylin and 75 cc. of prontosil was given 
over a three-day period. A dramatic drop in temperature oc- 
curred on the second day, the first fall in 12 days. 

Richards^ reports four cases of tularemia with pulmonary 
complications treated with sulfanilamide, the patients receiving 
from GO to 90 grains a day. Additional therapy consisted of trans- 
fusions in two cases and convalescent serum in one. All the cases 
made complete recovery. 

The mere fact that all of our cases with pulmonaiy* complica- 
tions recovered after receiving sulfanilamide, says the author, 
docs not prove it to be a specific. TJte complications may have 
been owing to a secondary infection, but such organisms should 
have been easily recovered in the cultures made. The mor- 
tality rate In all cases of tularemia is low, but at least half the 
cases that die have pulmonaiy complications. The ftivorable 
response to sulfanilamide was so immediate and the patients 
had been sick so long that it precludes the possibility that the 
results were just a coincidence. Our conclusions were that the 
drug has definite therapeutic value in tularemia. 
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TYPHOID FEVER 

Various rmters have reported that the sulfonamides are with- 
out r^lue in the ireatmeni of typhoid fever. In the treatment 
of typhoid carriers, hou'ever, opinion is not uniform regarding 
the use of sulfaguanidine. Levi and IVillen* advocated the use 
of this drug in the carrier state. They administered 0.5 Cm. 
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per kg. (3% grains per lb.) of body w eight of sulfaguanidine 
every eight hours for one week to a biliary and intestinal typhoid 
carrier who underwent cholecystectomy before the drug was 
used. Cultures were taken of ten specimens of feces, three of 
them after the use of magnesium sulfate, and all gave negative 
results. These authorsstaied: “Tliis method of therapy is wortliy 
of further trial." 

Saphir, IJaer, and Plotkc’ reported on the treatment of five 
intestinal carriers with sulfaguanidine in a manner similar to 
iliat used by the above authors. The same dose was given four 
times a tlay for two weeks. "The results," they stated, “were 
uniformly unsatisfariory. In all cases in which treatment was 
given the bacillary excretion continued unabated." 

Hoagland,^ on tlie other hand, had satisfactory results in two 
typhoid carriers treated ivith sulfaguanidine and gives the fol- 
lowing rase reports: 

Case 1— B. M., a girl aged 17 years of Japanese descent, was 
a healthy typhoid carrier to whom was traced a recent c))idemir 
of typhoid occurring in a junior high school. TIte patient and 
her parents stated tliat she liad never bad t>pboid. Her father, 
with whom she lived, also was discovered to be a typhoid carrier. 
Specimens of feces on four consecutive days were found to con- 
tain E. typhnsa. The organism was agglutinated by an anti- 
typhoid serum in dilutions of the latter as high as 1:10,240. 

She was admitted to the hospital on Marciv 19, 1912, without 
clinical manifestations of disease. L.aboratory investigations in 
this hospital consisted of blood, feces, mine, and biliary’ cultures 
Cultures of one blood sj>ecimen and five urine specimens failed 
to reveal tlie presence of E. typhosa. Tluee specimens of bile 
obtained by the duodenal tube before the instittition of treat- 
ment and three obtainctl after cessation of the second course 
of treatment were free of E. iyphos,i. The flow of bile was vari- 
ously stimukitcd by magnesium sulfate, bile salts, and olive oil, 
because it was though t that the first named might bav e an inhibit- 
ing effect on the growtlt of E. typhosa. On ^^arch 31 siilfagiiant- 
dine 2 Gtrt. four times a day was administered, and on April 5 
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its administration was discondnued. Daily specimens after treat- 
ment ceased showed noX tj'phosa until a specimen obtained on 
April 12 yielded typhoid bacilli on culture. It was then decided 
to institute another course of treatment with greater doses of 
the drug. Therefore, 4 Gm. oE sulfaguanidine were given five 
limes during the day, making a total daily dose of 20 Gm. The 
drug was given for a period of six days. Two specimens of feces 
were obtained while the patient was undergoing the second 
course of treatment. Cultures of both showed no E. typhosa. 
Cultures of feces specimens obtained on 14 occasions since cessa- 
tion of the second course of treatment all failed to reveal E. ty- 
phosa. The last specimen was obtained 43 da)s after treatment. 
Three specimens of the paiieni’s feces were obtained after stimu- 
lation of defecation v-arioiis cathartics— magnesium sulfate, 

cascara, and aloin were each used once. Tlie blood lev el of sulfa- 
guanidine during treatment was 2.48 mg. per 100 cc. At no 
time during either course of treatment did she have any clinical 
or laboratory' manifestations of undesirable effects of therapy. 
Urinalyses and blood counts during and after treatment showed 
normal results. 

Case 2— D. H., a boy aged 14 years of Japanese descent, had 
been sick at home vvdth mild typhoid, which was unrecognized 
until it was discovered that he had been the source of the only 
secondary case in the typhoid epidemic referred to in Case 1. 
He had no clinical manifestations of disease. His serum agglu- 
tinated E. typhosa in a dilution of 1:1280. Two cultures of bile 
and six of urine showed absence of E. typhosa. Treatment was 
instituted exactly as in Case I. Urinalyses and blood counts 
during and after treatment gave normal results. The patient 
had five feces examinations before treatment, with the presence 
of E, typhosa demonstrated in each specimen. He had seven 
feces examinations after treatment (the last specimen was exam- 
ined 17 days after treatment) wdth E. typhosa not demonstrable 
in any specimen. 

Since vve found* that 60 children ill with typhoid all spon- 
taneously ceased to eliminate E. typhosa in their feces, the ap- 
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parcntly successful result of treatment of D. 11., a convalescent 
carrier, may have been adventitious. However, the abrupt 
cessation of constantly positive cultures was striking. Moreover, 
it is noteworthy that the same dosage of sulfaguanidincemplo)cd 
in Case 1 produced no clinical or laboratory manifestations of 
undesirable effects of therapy. 

The author states that the dose of sulfaguanidine in the 
typhoid carrier state should be as high as 20 Gm. (300 grains) 
a day if smaller doses are ineffectual. 
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ULCERATIVE COLITIS 

Sulfonamide therapy gave great hope fora time that die means 
were at hand for the conquering of ulcerative colitis, but clinical 
results to a great extent have been disappointing. Strelcher,* 
reporting on the management of 912 cases, states: "The intro- 
duction of therapy with sulfanilamide and its derivatives was 
received with relief, but, while almost miraculous results have 
been recorded in some isolated instances, \ise of these drugs in 
the treatment of chronic ulcerative colitis is hazardous. 

"Their specificity of action on infections due to Streptococcus 
hemolyticus lias been established, but, while a small percentage 
of patients with chronic ulcerative colitis do Jiarbor this strepto- 
coccus, the predominant bacterium present in the stool and 
obtained on culture is Streptococcus viridans. Any beneficial 
results obtained with any of these compounds in the treatment 
of chronic ulcerative colitis must therefore be considered inci- 
dental or secondary, due to an indirect action of the drug." 
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The treatment recommended by tliis author follo^s’s: 

(a) Diet high in vitamins. 

(b) Poudered opium, dilute HCl, liver extract, phenobar- 
bital at bedtime, ferrous sulfate. 

(c) Sulfanilamide derivatives. 

(d) Vaccine (poljn’alent). 

(e) Removal of foci of infection. 

The author’s results ivith sulfanilamide u'ere disappointing; 
U'ith azosulfamide they were sometvhat better. Sodium suifa- 
thiazole in a dosage of 1 Gm. every four to six hours for seven 
days rvas the most advantageous. 

The results achieved with siilfagiianidine in bacillaiy’ dysen- 
tery' again seemed to offer promise that this drug might be just 
as effective in ulcerative colitis. However, Kirsner, Rodaniche, 
and Palmer- u’erc unable to obtain any consistent therapeutic 
results with the drug, although it does decrease the bacterial 
content of the feces. Likewise, Stickey, Heilman, Bargen, and 
Dearing® felt that it was impossible to ascribe any consistent 
value to sulfaguanidinein treating ulcerative colitis. 

More encouraging is the report of Svartz^ on the use of a new 
sulfa drug, salicylazosulfapyTidine, in the treatment of five cases 
of ulcerative colitis. This drug appears to be the best available 
medicament against the disease. Two tablets of 0.5 Gm. each 
were given from four to six times daily and continued in gradu- 
ally diminishing doses after symptoms subsided for about one 
month. Fever and rashes often accompany the administration 
of the drug but other complications arc rare. The sulfapyTidine 
constituent is the cause of the skin eruptions. Skin tests are of 
no value in the detection of hypersensitivity to either salicylazo- 
sulfapyridine or sulfapyridine, for patients who have given nega- 
tive skin reactions have shown signs of hypersensitivity. Amino- 
pyridine, a substance which probably forms in the organism as 
the result of the cleavage of sulfapyridine, gives a positive 
cutaneous reaction in patients who have had an exanthem after 
medication with salicylazosulfapyridine. 
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Anoilier new sulfa drug in the treatineni of llkcTan^e colitis, 
succinylsulfathiazole, has been reported by Crohn.o During a 
peiiod of six months lie administered this drug to 28 patients 
with ulcerative colitis, eight with ileitis or ileojejunitis, and 
one ivith intestinal actinomycosis. The dose given was 0.25 Gm. 
of the tlnig per i.g. of body weight tor ten days. After a lapse 
of five days a second series was given. When severe diarrhea is 
present, opium in some .form should be administered concur- 
rently in order to slow dosvn intestinal movement and permit 
a concentintion of the drug in the intestinal canal. 

To.xic elTects were few. Loss of appetite was common, but 
nausea and somitiiig were mre- Occasionally the patient com- 
pl.iined of headache or malaise and mild prostration. 

Five patients with ulcerative colitis had an apparent and qviick 
symptomatic cure and U more sliowed definite impjos'ement. 

'While there are not yet sufficient clinical reports available to 
judge finally the elTectiveness of this drug in ulcerative colitis, 
it gives promise of being a welcome addition to the armamen- 
tarium, since it apparetstly exhibits no toxic by-effects anti can 
be pushed in large doses with relative impunity. Best results 
have been obtained in acute ulcerative colitis, so that it seems 
possible that svitfi early diagnosis am! intensive therapy with 
succinylsulfathiazole the entire picture of the lingering debilitat- 
ing disease which is seen so often now may be completely alterctl 

One of the discouiaging features of chronic ulcerative colitis 
h.is been its recunent nature. Preventing these recurrences is 
just as important, if not moreso, than bringing about a remission, 
and it is possible that the continuous use of this drug may solve 
this problem. 

The situation with terminal ileitis is not so promising. Termi- 
nal ileitis is associated tviih delay in the distal loops of the small 
intestine, and a concentration of the drug at this point may 
overcome a pathologic process if the disease is really an infection. 

Tire patient with actinomycosis and several fistulas to the 
abdominal wall sliowed definite improvement. Snccinylsulfa 
thiazole caused the fistulas id dry up, the discharge diminished, 
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and the macerated dermal tissues of the abdominal 'VN'all under- 
went a definite stage of granulation. 

REFERENCES 

1. Streicher, M. H.: J. A. M. A. 118:431 (Feb) 1942. 

2. Kirs.\er. J. B.; RoDA-vrcire, E. C, and Pacwer, ^V'. L.; Am. J. Digest. 

Dis. 9.229 Ouly) 1942- 

3. SncREY, J. M-: Heilman, F. R.; Bakcen, J. A., and Di-ari\g, W. H.: 

Proc. Staff Meet. Ma )0 Qin. 17:33 (Jan. 21) 1942. 

4. SvARTZ, N.: Gajtroentcrolf^ia (Basel) (56‘3I2, 1942. 

5. Crohn. B.B: /bid. 1:140 (Feb.) 1943. 

<» 

CHRONIC HEMOLYTIC STREPTOCOCCIC ULCERS 
or THE EXTREMITIES 

Taylor^ reports on the use of sultmilamide in chronic hemo- 
lytic striiptococcic ulcers of the extremities. These ulcers usually 
will not heal with local treatment, but the oral use of sulfanib 
amide is specific. The drug is given in an initial dose of 3 to 
5 Gm., followed by I Gm. every four hours night and day for 
six or seven days. 
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UROLOGY 

Sulfanilamide and its derivatives, says Pool,* are of little \aUie 
in the sterilization of urine when the infective agent is the 
Streptococcus fecalis. Pseudomonas aeruginosa is particularly 
resistant to the sulfonamide derivatives. 

For patients suffering with a urinary* infection of a type for 
which a sulfanilamide derivative can be prescribed, he con- 
tinues, we are now using sulfathiazole more than any other 
drug. Wc prefer to prescribe a re/ativefy smaff dose, whi’di 
usually is 1 Gm. (15 grains) , taken three times per day. Ad- 
ministration of the drug is continued for seven to ten days, and 
if the urine is not sterile at the end of this time, either some 
other form of medication is prescribed or all medication is 
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slopped for ilic time being. II the urine is sterile, experience 
has shown that it is .advisable to continue tlie medication for 
three or four extra d.aj’s. Occasionaily, jwtients will state that 
they cannot tolerate this dose, and in such a case a smaller dose 
can be tried. Very infrequently, administration of e\en tlie 
smaller doses may h.ave to be discontinued and some other drug 
substituted. 

Factors Causing Therapeutic Failure; The factors which 
can cause a therapeutic failure arc easily understood. In a few 
cases the drug cannot be tolerated, or a toxic manifestation 
occurs; in such instances it is necessary’ to discontinue adminis- 
tration of the drug. Other factors wliich can cause failure aic 
the presence of a tumor, a calculus, imperfect drainage of any 
part of the urinary tract, or marked involvement of the tissues 
with resulting cicatriration. Naturally, when any of these factors 
is present, a clinical miracle cannot be expected, nor can it be 
expected that an infected urine will become sterile. This fact 
has been expicsscd many times by Cook. 

In cases in whicli there is long-standing, chronic infection, it 
occasionally becomes necessary to change the mode of adminis- 
tration of the drug. Frequently, the patient is asked to take the 
drug for the first week of each montlt under the super\-ision of 
a physician. At times it may be best to prescribe \ cry small doses 
to be taken during a longer period. In prescribing the sulfamido 
deriraiives in alternate courses, the physician should remember 
that toxic reactions are likely to occur if use of the drug is re- 
sumed within less than seven to ten days after it ts’as discon- 
tinued. 'Why this is true cannot be readily explained. Perhaps 
it is best in some cases to alternate use of the drug with use of 
some other urinary antiseptic agent, such as niandclic add. 

Some of the greatest apprehensions confronting the physician 
caring for patients who have urinary' infections have their source 
in the recurring bouts of acute infection whicii afilict certain 
of his patients. Usually, no foais of infection can be found, 
although among women the cervix frequently is suspected. iVhen 
no focus of infection can be found, little can be done except to 
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administer to these patients some form of alternate therapy in 
the 'hope that the attacks w'ill become Jess frequent until they 
eventually disappear. Braasch has used this method for many 
years. 

Sulfanilamide as a Prophylactic Agent: The use of sulfanil- 
amide as a prophylactic agent is an interesting practice tvhich 
is now being evaluated. Emmett has shown that if small doses 
of sulfanilamide derivatives are administered during the post- 
operative period, they help to reduce the incidence of infections 
of the urinary tract among tvomen who have undergone gyneco- 
logic operations. Thompson and Strom recently studied the 
effects of sulfathiazole administered during the preoperative and 
postoperative periods to patients undergoing transurethral 
prostatic resection. They concluded that the morlndity rate 
tvas decreased and that the complications usually encountered 
after this type of operation were less frequent after such treat- 
ment. < 

Also see Conorrhen, page 212, and Chancroid, page J16. 
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VULVOVAGINITIS 

Sec page 132 

■o 

^VOUND INFECTIONS 

In any consideration of the use of sulfonamide compounds 
in the prophylaxis or treatment of wound infection, says Long,’ 
se\'eral factors must be considered, and among these are the type 
of surgical procedure employed, the condition of the wound at 
the compfetion of surgical treatment, the determination of 
whether oral and/or local sulfonamide therapy tvill be used, 
the proper selection of the drug for peroral or local use, the 
dosage to be used, the duration of treatment, and finally the 
utilization of the correct postoperative care in order that the 


SVOUND INFECTIONS ‘ 331 



greatest benefits may be tlcrh'cd from tlic cmplojmcnt of the 
sttlfonatniclc cottijKntnds. 

It has been established that the sulf<mami<ks tan be used 
in the trcatineiu of uoitnds, regaidlcss tjf the tsj>c of surgical 
procedure that has been employed. As far as is bnonn at the 
present lintc, the .idtninisttaiion of tbesc drugs is compatible 
uitli tlic rise of st.andard inirascttoiis, inliabant. or local ancs- 
thciics, and they will not influence adsctscly either the course 
or tlic ttcatinent of traiimaitc or infections shock. 

The condition of the wound .at the lime siiUonamidc therapy 
is used is of imjKttt.tnre. Obviously a j>oorly debrided, care- 
lessly dniined fresh wound is .an unsuitable site for the implanta- 
tion of the siilfonainidcs. and under such conditions the drugs 
may cvemnally fail to exert their propliy lactic cITeci. The mciborl 
o| wound clostire is imjxrrtam. Implanted snUonamidc com- 
{routtds may cause an cxttd.ation of tissue Huids into the wound, 
and slotighing of the wound edge fi.as been noted .as a lesnlt of 
the tension creatc<l by these fluids when wounds have been closed 
too tightly. This (tossibility shoiihi be kc{)t in mind when one 
U dealing w iih lacerations in which esjrctial consideration must 
be given to the fitial cosmetic cffcTt. It has bcett vsljown that 
necrotic material or pus cnnt.ains sulfommidc inhibitors, hciicc 
every effort should be made to eliminate and ncutralitc tbesc 
substances before stilfonamidc therapy is started. 

Tlic cxpcricucc of the last few scars h.is shown that oral, 
topical, or oral plus topical mc<lkaiion wiilj the sulfonamides 
will prevent wound infection. Hmscver, die best evidence avail 
able at the present time shows that the administration of these 
drugs by the peroral and local routes is to be desired in tlic 
prophylaxis of infection in moderate or serious wounds of the 
soft tissue, compound fractures, compound skull or facioniaxil 
lary injvirics, and pcnciraiing wtuinds of the abdomen or ebest. 
Infection can generally be prevented in minor lacerations in 
voicing the skin and suliruiancous tissues or superficial muscle 
layers, without extensive desinicilon of tissue, by the topical 
application of a sulfonamide compound. 
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In the selection of the drug of choice for the peroral prophy- 
laxis or therapy of wound infection, the effectiveness of the drug 
and its toxicity are primary considerations- It has been shown 
that sulfadiazine is clinically effective against systemic infections 
produced by staphylococci, hemolytic streptococci, colon bacilli, 
and members of the aerogenes gjroup. In clostridial infections 
this drug has been proved active against experimental infections 
produced by Closiridium perfringens or Clostridium septicum. 
It offers a wide range of protection against the common primary 
contaminating and infecting organisms in wounds. 

A recent survey which we have made of the occurrence of the 
important toxic reactions (fever, rash, acute hemolytic anemia, 
leukopenia, acute agranulocytosis, renal complications, and 
hepatitis) of sulfanilamide, sulfapjxidine, sulfaihiazole, and 
sulfadiazine shows that a total of J 1.9 per cent of such reactions 
occurs in the course of sulfanilamide therapy, 1 5.9 per cent when 
sulfapyridine is employed, 18.6 per cent if sulfaihiazole is used, 
and but 6.5 per cent when therapy is conducted with sulfadiazine. 

In addition, sulfadiazine produces comparatively little nausea 
and vomiting and rarely any degree of cyanosis; mental disturb- 
ances and incoordination are uncommon: endurance is not seri- 
ously affected, and acidosis or a lou-ering of the plasma carbon 
dioxide content does not occur. The lack of these side effects 
is of importance in any consideration of the ambulatory wounded 
and in the transportation by air of injured patients. Against 
these favorable factors is the known ability of the drug to pro- 
duce renal damage. Observations made by my associates and 
me show that one can expect that in about 1.7 per cent of patients 
receiving average doses of this drug either microscopic or gross 
hematuria will develop, while in 0.4 per cent oliguria, azotemia, 
or anuria develops. It is known that a decreased fluid intake, 
with a resulting decrease in the output of urine, predisposes a 
patient to this type of renal complication. Hence, when water 
is scarce, as in desert svarfare, or when temperatures are high and 
loss of body tvater is great, the threat of kidney damage might be 
considered a deterrent to the use of sulfadiazine. However, the 
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occurrence ol this complicilion appears to be greater ivhen 
sulfapyridine or sulfathiazolc is administered, and one must 
remember that sulfanilamide produces liemolytic anemia in 
about two per cent of patients to whom it is given. After an 
evaluation of the various factors involved, it seems reasonable 
to conclude tliat, white sulfadiazine can produce serious toxic 
reactions, it is the least toxic of the four commonly used sulfon- 
amide drugs, and is the drug of choice for the peroral prophy- 
laxis of contaminated wounds and for the peroral tlierapy of 
infected wounds. If sulfadiazine is not available, sulfanilamide 
or sulfathiazole should be used in the order named in the peroral 
prophylaxis or therapy of contaminated or infected svounds. 

Confusion exists in respect to the topical use of sulfonamide 
compounds. For example, it is commonly assumed that because 
sulfathiazole is more effective than sulfanilamide in the systemic 
therapy of staphylococcic infections, its topical use is always 
indicated when the possibility or tl»e presence of staphylococcic 
infection exists. This assumption is not necessarily correct be- 
cause various factois, such as the physical chaTacierislics and 
sohibility of the drug, its antibacterial effect in the upper ranges 
of its solubility, its rate of diffusion and absorption from the 
local lesion, the effect produced by its local implantation on tissue 
repair and wound healing, and the systemic toxic effects which 
the drug may produce, enter into any consideration of the selec- 
tion of the drug of choice for topical use in the prevention or 
treatment of contaminated or infected wounds. 

It has often been observed that when too finely powdered 
sulfonamide compounds arc placed in wounds they tend to 
"cake." Sulfonamide compounds for topical use, consisting of 
large crystals or coarsely ground forms of these drugs, dissolve 
slowly in wounds and tend to initiate foreign body reactions. 
IVliile the ideal crystal size of these compounds is not definitely 
known, it has been shown that satisfactory results can he obtained 
when ci 7 stalline sulfanilamidescreened to 40 to 80 mesh is used. 

The solubility and diffiisibility of the compounds under con 
sideration for local nse is of importance. Sulfanilamide is soluble 
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in tissue fluids to the extent of from 1200 to 1500 mg. per 100 cc., 
and has been shown by HaAvking to diffuse rapidly through 
living tissue and fairly rvell through dead tissue. This obsers’er 
has demonstrated that sulfathiarole, suUapyridine, and sulfa- 
diazine are much less soluble (184, 61 andT24 mg. per 100 cc. 
in human serum at 36° C. respectively) than is sulfanilamide, 
and that sulfapyridine and sulfaihiazole diffuse more slowly 
through living tissues. In our experience, sulfadiazine behaves 
like sulfapjTidine as far as diffusion is concerned. This variation 
in the solubility of the drugs is important in estimating the 
possible antibacterial effects of these compounds svhen they are 
employed as topical agents, and it has been shosvn in vitro that 
in the upper range of its solubility sulfanilamide seems to be as 
effective an antibacterial agent as are the other sulfonamide 
compounds at their limits of solubility. This obsen'ation is 
important in the consideration of the sulfonamide dnig of choice 
for local use in the prophylaxis and treatment of wound 
infections. 

As has been pointed out, sulfanilamide diffuses more rapidly 
from the site of its implantation than do the other sulfonamides, 
and following the topical use of ciystalline sulfanilamide in 
closed Avounds peak concentrations of the dnjg in the blood 
can be expected in from 6 to 12 hours, Avith absorption and excre- 
tion of the drug being practically completed Avithin 48 hours 
unless massiA’e doses of sulfanilamide have been used locally. 
The peak concentrations of this drug in the blood are consider- 
ably higher than those noted folJoAdng the local use of sulfa- 
thiazole, sulfapyTidine, or sulfadiazine in Abounds that are closed. 

The latter compounds, because of their lower solubilities and 
rates of diffusion, are absorbed and excreted more slowly than 
is sulfanilamide, and in the instance of sulfadiazine Ave have 
noted that foIloAving the implantation of 5 Gm. of the drug in 
an exiraperitonea] Avound of the abdominal Avail absorption of 
the drug continued for more than tAvo Aveeks. 

There is not a great deal of information available regarding 
the absorption of sulfonamide compounds from open Avounds. 
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\'eal and Klepser ha\e reported that the instillation of 7.5 Gm. 
of sulfanilamide into an “open clean wound (pilonidal sinus 
excision) ” produced a peak concentration of the drug of 2 mg. 
per 100 cc. within five hours, and at 42 hours very small amounts 
(less than 0.5 mg. per 100 cc.) of the drug Avere foinul in the 
blood. Another of their patients suffering from an open wound 
of the abdominal wall ivas given tlie daily implantations of 5 Gm. 
of sulfanilamide, folloived by a gradual rise of the conceiltratioii 
of the drug in the blood to 12 rag. per 100 cc. on the sixth day. 
At the end of 30 hours the concentration of sulfanilamide in tlic 
blood was 3 mg. per 100 cc. These obscr\'ations, coupled with 
those of our own, lead us to believe that excessive concentrations 
of sulfanilamide are not to be expected following its use in open 
wounds. In bums, tlie opposite seems to be true. Hooker and 
Lam ha\e shotm that when cr^'stalHnc sulfanilamide is applied 
to second or third degree bums, absorption may be rapid and 
excessive concentrations of the drug may occur in the blood. 
Our own observations show that sulfatluazole and sulfadiazine 
are less readily absorbed from open wounds than is sulfanilamide. 

The dilTercnces in the solubilii) of the various sulfonamide 
drugs appear to bear some relation to their clfects on wound 
healing. It has been shown that in concentrations up to approxi- 
mately 500 mg. per 100 cc., sulfanilamide has little if any effect 
on the multiplication of fibroblasts In tissue cultures and that, 
while this drug docs iuhibit certain cellular functions in higher 
concentrations, the recoscry of the cells from its unfavoiahlc 
action is rapid and complete when they ate removed from exces- 
sive concentrations of the drug. Sulfaihiazole has been shown 
to be the least favorable for growth at any assigned cont entration, 
and, as far as sulfapjridine and siilfadiarinc are concerned, ilicir 
limited solubility does not permit the accurate testing of their 
effects on cells in tissue cultures. 

It seems well established iliai the degree of solubility of the 
various sulfonamide drugs has a definite hearing on their ai)ilit> 
to produce foreign body reactions when they arc implanted 
locally. Sulfanilamide, because of its high solubility, is least 
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likely to produce this reaction within wounds, with sulfathiazole, 
sulfapyridine, and sulfadiazine in die order named having in- 
creasing possibilities of producing such a reaction. 

As far as direct toxic effects on various types of tissue are con- 
cerned, there is disagreement concerning the action of tlie 
sulfonamide drugs. Russell and Falconer reported that the 
application of finely powdered sulfanilamide or suHapjTidine 
to the leptomeninges or the cortex of the rabbit did not produce 
appreciable damage within four days. Hurteau has confirmed 
and extended these observations, and has further reported that 
while sulfadiazine is slowly absorbed from brain tissue no glial 
reaction occurs after the imjdantation and but a slight foreign 
body reaction in the meninges. Taffel, on the other hand, has 
noted that all of the commonly used sulfonamides produced a 
mild inflammatory reaction when applied to the cortex in 
monkeys. Sulfathiazole seemed to produce the most intense in- 
flammator)’ response, while sulfadiazine caused the most severe 
foreign body reaction. These observations are of especial interest 
in view of the recent report of Watt and Alexander. These ob- 
servers noted that the application of crystalline sulfathiazole to 
the frontal cortex in botfi human beings and dogs frequently 
produced epileptiform convulsions. This phenomenon did not 
occur when sulfanilamide, sulfapyridine, or sulfadiazine was 
used. 

Taffel and Harx’ey reported that the local application of 
crystalline sulfanilamide did not interfere ndth the healing of 
experimental wounds in the stomachs of rats. Harbison and 
Key have confirmed this observation and have further reported 
that the implantation of crystalline sulfanilamide did not dis- 
turb the healing of wounds produced in the abdominal walls 
of rats, nor did this drug produce adhesions when introduced 
into the peritoneal cavity of rats. 

Glynn states that crystalline sulfanilamide has "a slight but 
definite toxic reaction on striped muscle,” but that this drug 
does not inhibit fibroblastic proliferation in wounds produced 
in rabbits, Taylor, howe\er, has reported that all these drugs 
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piocUiced innammation tissue reactions nJien inipUnied into 
wamuU in dogs, and that in the case oC tl\c less soluble drugs 
the reactions may be so severe tliat actual tissue destruction and 
sterile abscess formation occur. Finally, Hick has recently ob- 
served that "the local application of sulfonamide drugs to 
wounds of the soft tissues or clc.'iu-cut operative incisions, in 
u’liich piimary suture is indicated, retards healing by at least 
50 per cent of the time factor and promotes extensive cutaneous 
scarring." 

As has been previously described, the local applicition of the 
sulfonamide drugs to svoimds may cause an exudation of tissue 
fluids, which in the instance of a tightly sutured svoiind may 
cause tension and delay wound healing. Our obsers-ations lead 
us to believe that sulfatliiarolc anti siilfadlarinc arc moic likely 
to produce such an exudation of fhikl than is sulfanilamide. 

Out of the welter of conflicting cxperiincntal .and clinical 
reports just reviewed one fact seems to emerge, namely, that 
svhile the local implantation of sulfanilamide may interfere to 
a certain degree wiili wound healing, it appeals to be the least 
linrmful of the commonly used sulfonamides to regenerating 
tissues. 

Thus, when all the factors have been considered, it seems 
reasonable to choose sulfanilamide as the drug of choice for 
the prophylaxis and treatment of cont.iminatcd and infected 
wounds. 

In considering the peroral prophylactic dose of sulfadiazine 
needed for the pretention of wound infections, citilian injuries 
must be difrerenti.atccl in general fiom war casualties. In the 
first instance, definiiitc surgical treatment will probably be 
given promptly, and in most rases the atiininisiraiion of sulfa- 
diazine by mouth can be deferred until just prior to or after 
definitive surgical treatment. In the case of persons wounded 
as the result of enemy action, definitive surgical treatment may 
be delayed for many hours; therefore, the prophylactic dose of 
sulfadiazine should be gisen as soon as possible after tlie wound 
has been incurred. 
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For adult civilian injuries, the initial peroral dose of sulfa- 
diazine should be 2 to ^ Gm., given either immediately before 
or after definitive surgical treatment, thistobefolloued by 1 Gm. 
of the drug every six hours for wo days, follotving which doses 
of 0.5 Gm. every six hours should be administered for eight days. 

For adults wounded as the result of enemy action, the initial 
peroral dose of sulfadiazine should be 4 Gm. This should be 
given as soon as possible. After this initial dose no more of the 
drug should be given by mouth until after definitive surgical 
treatment has been completed. Then sulfadiazine 1 Gm. every 
sLx hours should be administered day and night for from seven 
to ten days. If infection occurs despite the attempt at prophy- 
laxis, the administration of the drug should be continued until 
the infection is under control. It is important to maintain a 
riai/y output of urine of at least iOOO cc. during the period of 
treatment in Older to lessen the possibility of the occurrence 
of renal complications. If sulfadiazine is not available, sulfanil- 
amide or sulfathiazole prescribed in the same dosage may be 
used. For injured children doses of these drugs should be ad- 
justed according to the weight of the child in comparison with 
the adult dose. 

There i$ a tendency at the present time to dump sulfonamide 
compounds h.aphazardly into wounds. This is a bad practice, 
and it shotdd be empiiasized that the implantation of sulfanil- 
amide should be done carefully in order that all parts of the 
surhice of the exposed wound will be in contact trith the drug. 
A shaker-top container makes this easy, although many physicians 
prefer to use a powder atomizer for applying sulfanilamide 
locally. 

In rvounds that are closed by primary suturing, the amount 
of crystalline sulfanilamide implanted should approximate 0.05 
Gm. per square inch of troiind surface. This represents a light 
"frosting” of the wound. In contaminated wounds in which 
closure is not indicated, or in infected wounds, 0,1 Gm. of crystal- 
line sulfanilamide per square inch {6.25 sq.cm.) of wound sur- 
face should be used. This represents a heavy “frosting” of the 
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wound. On ilie basis of our present experience it svotild seem 
that not inoic than 10 Gm. of sulfanihinidc sliould bo given 
locally to any given patient within a 2Mjoiir jK-Tiod. 

The combination of sulfailiariiic by month and sulfanilamide 
locally will produce sulfonamide concentration in the blood of 
from 0 to IG mg. per 100 cc. in the first 21 hours in patients 
whose wounds are closed. If, howevet, the wounds arc left open, 
concentrations of the sulfonamide in the blood nf from 5 to 10 
mg. per 100 cc. will generally be noted in the first 21 hours of 
therapy. 

It has been mentioned previously that peroral therapy with 
suif.ulia/inc may be discontinued in from seven to ten da^s if 
symptoms and signs of infection arc hacking. Ilosvcvcr, experi- 
ejice has repeatedly shown that it is necessary to rejwat the local 
application of sulfanilamide to wounds at each dressing period 
if both primary and secondary wound infection is to be pre- 
vented. Local therapy svith sulfanilamide should be continued 
until heating is complete. 

As has been pointed out before, the successful treatment of 
contaminated or infected wounds is influenced by the amount 
of necrotic tissue or puntictu material in liic tvounds, because 
these substances act as sulfonamide inliibiton. Therefore, if 
a wound shows evidence of infection, it should be gently irrigntet! 
with isotonic solution t)f sodium chloride at each dressing or, 
perhaps better, with a mild oxidiiing agent such as a 1:3.100 
solution of arocliloramid. (Such solutions should be stored 
away from the light in brown glass bottles.) It has been shown 
that the latter comjwund is clfcciivc in neutralizing the effects 
of sulfonamide inhibitors, and indeed there is some evidence 
Uiat arochlorainid acts s>nctgUticalIy with the sulfonamides. Re- 
cent experience has also shown the value of utiliring dressings 
moistened with a 1:3300 solution of arochlominid In the pio- 
phylaxis of contaminated and the treatment of infected wounds 
These dressings can be phued in the wound after crystalline 
sulfanilamide has been applied and sc.iled over with boiit acid 
ointment or petrolatum gauze to jirevent them from drying. It 
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is important to keep the tvound dresnng moist in order to prevent 
the caking of implanted sulfonamides. 

Ho^vever. tvhile sulfonamides have proved a great boon in 
the prophylaxis and treatment of infected u'ounds, Bick^ points 
out that the local application of these drugs to svounds of the 
soft tissues or clean-cut operative incisions in tvhich primary 
suture is indicated retards healing by at least 50 per cent of the 
time factor and promotes excessive cutaneous scarring. In ex- 
tremity surgery this delay in healing time may postpone neces- 
sary active motion and massage; in plastic skin repair it may 
interfere tvith a cosmetic result. Therefore, unless infection is 
anticipated because of the circumstances of the lesion or of the 
operation, the use of topical sulfonamide therapy may be an 
unnecessary burden. On the other hand, the author believes 
that its use in cases in which infection may be anticipated, such 
as in wounds contaminated under field conditions, is now almost 
obligator)’, 

Overton^ in a report on 356 open wounds, in 285 of uhich 
one of the sulfonamides svas implanted locally, concedes the 
value of the sulfonamides in badly disrupted wounds which can- 
not be thoroughly cleansed and d^brided, but says their use 
cannot supplant good surgery. His conclusions follow: 

1. The local use of the sulfonamides has not improved the 
results in the treatment of open wounds when used as an adjunct 
to good smgery during the contaminated stage; howeser, it was 
found not to delay the healing time. 

2. All of the sulfonamides produced some local tissue irrita- 
tion as evidenced by the increase in serum and tendon adhesions. 

3. The results of this study indicate the local use of the sulfon- 
amides is not necessary in the early treatment of open wounds 
which can be thoroughly cleansed and ddbrided. These drugs 
may produce enough irritation to contraindicate their use in 
such cases. 

4. TTie use of the sulfonamides may be of definite when 
administered in badly disruptured wounds which cannot be 
thoroughly cleansed and ddbrided, "When combined with the 
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ttsc of one of the (iriij'S h) inoiiiti, stitfoMainidcs nre in^nltiable 
in ihist)j>c of rase. 

5. The criteria of good early treatment of a«t) open tunind 
is thojough cleansing and ibc leimn'al of all rontaminated and 
nons table material folhneed b) wound sitp}K)rt and rest. Under 
no riiciintsianrcs .should the sulfonamides be siibstititted for 
this treatment. 

Rl'l FRENCrS 

1. lose, I* U. J A .M A 121:505 50) 1915. 

2. niCK. F M. tbul 11951! (feb II) 1912. 

3 0\7Br<)N. Ij-wm M : J Inua State Mc«l. 5 mv S1•^09 |'»«pt), 1915 
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Appendix 

S OMETIME after the present world conflict there will be 
made available for civilian use a new drug which possibly 
will supplant the sulfa dntgs in many pathologic conditions. 
This drug is penicillin, a derh’ative from a mold. 

Penicillin was first discorered in 1929 by Dr. Alexander Flem- 
ing, working in the University of London. He noticed that a 
petrie dish grooving a profusion of bacteria contained a speck 
of mold surrounded by a clear area free from organisms. Quite 
evidently there was something being excreted by this mold that 
killed the surrounding organisms. The mold was identified as 
Penkillium notaium and after much research its active principle 
effective against bacteria was isolated. Not mucli more was 
done with penicillin until its possibilities in war wounds caused 
intense research to begin again, this time on both sides of the 
Atlantic. The manner of its action against bacteria is still not 
clearly understood, but it is presumed that like the sulfa drugs 
it prevents division and increase of the microorganisms and 
that then the natural body defenses have an opportunity to over- 
come the infection. 

Unfortunately, to date no one has succeeded in synthesizing 
penicillin and it has not so far been possible to produce it on a 
large scale. All that is produced now goes to the armed forces. 

The new drug is said to be especially effective against staph> lo- 
coccal infections where the sulfonamides are least effecii\e. 
Staphylococcic septicemia, osteomyelitis, war tvounds, gonococcal 
infections, and a few cases of pneumonia are some of the infec- 
wons wbitb have tespondtd. to pemcittm. Streptococrit endo- 
carditis and arthritis are not affected by it. No toxic reactions 
have been reported to date. 

There is no question from the reports available that penicillin 
holds great promise for the future, but there has been too little 
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experience with it yet to evaluate its place in therapeutics. No 
doubt, when extensive clinital experience fixes its place and 
siiows us its limitations, we will find that it is indicated in certain 
conditions tvliile il)e sulfa drugs are indicated in otliers. 


<Cdurtnr Z R Squibb & Sons, .V Y ) 

Fig. 1 — ^The therapeutic possibilitie* of PenicilUum notatum were first 
realized when It was found that * colonr of this mold growing in a culture 
of staphylococci was surrouaded by a cleat zone in which bacterial growth 
was prevented. 

Hou’ever, it may he years before penicillin is available in 
sufficient quantity to help the average physician, and until that 
time arrives he has at hand the sulfonamides with all their 
potency in indicated conditions. 

The following d.ita on the use of penicillin are from the report 
of the Committee on Cheinotherapeuik and Other Agents, Di- 
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vision of Medical Sciences, which appeared in the Journal of 
theA.M.A. 122:1218 {Aug.28) 1943: 

Mode of Administration: Solutions of penicillin were given 
intravenously, intramuscularly, and topically, including local 
injection into the pleura, pericardium, and joints and into the 
subarachnoid space. In giving penicillin intravenously, con- 
stant infusions were used in many cases, whereas repeated injec- 
tions at tsvo-, three-, or four-hour intervals were employed in 
others. IVhen it became necessary to continue treatment over 
a period of several weeks, it was necessary in many cases to use 
various routes of administration, including constant intravenous 
infusion and repeated intravenous or intramuscular injections. 
Some patients tolerated intramuscular injections better than 
repeated intravenous injections; others did not. 

In the treatment of meningitis, empyema, and surface hums 
of limited extent, penicillin tvas used topically; that is, injected 
directly into the subarachnoid space or the pleural cavity or 
applied locally. 

Concentration and Volume of Penicillin: For iniratenous 
use, concentrations of 1000 Oxford units per cubic centimeter or 
less were used at each injection. IVhen a constant intravenous 
infusion was used the concentration tvas varied, depending on 
the total dosage during a 24-hour period. The rate of injection 
in some cases varied from 5000 to 10,000 units an hour day and 
night; that is, 120,000 to 240,000 units every' 24 hours. In others 
smaller amounts of solution were injected. This was regulated 
so that the rate of delivery was between 75 and 100 cc. an hour. 
The penicillin was dissolved in saline solution or five per cent 
dextrose solution and allowed to run into the veins sloivly or 
injected directly into the rubber tubing at periodic inter\’als. 

With intramuscular injections it is important to keep the 
volume as Jotv as ptMsiWe in order to avoid local discomfort at 
the site of injection. The usual practice has been to employ a 
concentration of 5000 units per cubic centimeter. In general, 
there tvas no local reaction, but there may be some local soreness 
at the site of injection in some patients. 
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Fib. 2 — '^'hile s«ired in the culture room the surface of the medium Rradu* 
ally oecomes cohered with a corrugated, green-bluc-gray growth with selvety 
texture. As it grows the mold |urrHluces the powerful antibaaerial agent, 
penicillin, which diffuses into the licpiid beneath. 
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Dosage: The total amount ol penicillin administered in 
Oxford units has varied tremendously from one case to another. 
There were also many variations in the total amount given with 
each injection, the interval of rime between injections, and the 
total duration of the treatment. These are natural variables in 
the investigation of any new drug, especially irhen information 
is being accumulated with only a limited supply of valuable 
material in several different infections. At the beginning of our 
studies it was common practice to give 5000 units intravenously 
every four hours day and night; that is, 30,000 Oxford units 
ever)' 24 hours. This amount was found to be adequate in some 
infections but was totally inadequate in others. Indeed, the 
dosage schedule varied from 1000 to 25,000 units per hour, 
depending on the kind and severity of infection. In \ lew of the 
variation in the dosage schedule, it will be well to outline the 
practice at the present time. Before presenting the details it 
should be said that the question of adequate or optimum dosage 
has not been clearly defined. The objective in treatment should 
be the maintenance of a sufficient concentration of penicillin in 
the blood to inhibit completely the growth of the individual 
infecting organism. 

Various methods have been used to titrate penicillin in the 
blood serum and body fluids and exudates (Fleming, ^ .\braliam 
'et alfi and Rammelkamp®) . Tliey all have as their objeciit e the 
determination of the amount of penicillin that will inhibit the 
growth of a constant number of a standard strain of hemolytic 
streptococcus or Staph, aureus or of the patient’s own strain of 
infecting organism. "When facilities are available, such methods 
should be employed in the treatment of individual cases in order 
to determine whether sufficient amounts of penicillin are being 
administered. 

Other methods of assessing adequate dosage are the signs ot 
clinical response. These must be followed with great care and 
should include not only the response of the temperature and 
pulse rate, but also the change in constitutional symptoms, the 
results of blood culture, and the effect on the local infection. 
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Absorption, Excretion, and Distribution: The absorption, 
excretion, and distribution of penicillin has been studied by 
Rammelkamp and Keefer,-* and the literature on the subject 
has also been resicu-ed by them. Blood concentiations of pen- 
icillin and urinary excretion of fscniciilin u’ere determined after 
the administration of 5000 to 40,000 Oxford units by various 
routes. Their summary' u'as as follows: 

Intra\enous injeciion of penicillin resulted in high initial concentration 
in the blood plasma, s\Iiidi sv'as follosved by an abrupt Traces of 
penicillin were found in the blood for 30 to 210 minutes after die injection, 
the length of time depending on the amount administered. The sharp fall 
noted in the serum concentration immediately after the injection was asso- 
ciated with an increased excretion in the urine. The average excretion 
after intravenous injection was 58 per cent of die administered dose. 

Penicillin was rapidly absorbed when given intramuscularly and slowly 
absorbed after subcutaneous injections. Cxaedon in tlie urine was rapid 
following intramuscular injections and delayed after subcutaneous in- 
jections. 

Absorption from the body cavities vsas delayed, and this was reflected in 
die slow excretion of penicillin by the kidneys. The total amount found 
in die urine was somewhat lovver than that obtained following intravenous 
injection Fluid aspirated from the pleural and joint cavities 22 and 13 
hours after the injection showed appreciable amounts of penicillin r^ 
Rtaining. 

Administration of pen-cilUn by enteral routes showed that absorption 
from the duodenum was rapid, whereas oral and rectal doses were poorly 
absorbed These findings nay be e.xp1amed by the inactivating effect on 
penicillin of acid and Esclvetichia coU. After oral, iniraduodcnal and rectal 
administration, the average amount excreted in the urine was extremely 
small. 

In the presence of renal failure penicillin was not excreted rapidly, and 
as a result high concentrations were ni.imuined in the blood stream after 
intravenous injections. 

Studies on the distribution of penicillin showed that tfie substance failed 
to penetrate the red cells in significant amounts. In general the average 
concentration found in erythrocytes was less than 10 per cent of the plasma 
concentration. No penicillin was found in the spinal fluid, saliva, or tears 
in subjects receiving »t iniraxcnovvvly. 

Rammelkamp and Helm® Iiave shown that human s.aliv'a, bile, 
and succus entericus do not inacth’ate penicillin, but gastric 
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juice destroys it rapidly at body temperature. The destructive 
action appears to be due to hydrochloric acid and not to pepsin. 
In two patients with pernicious anemia and achylia gastrica the 
absorption of penicillin, when administered by mouth, was 
greater than that of normal subjects. 

Aside from the excretion of penicillin in the urine, there is 
good evidence that it is excreted by the liver, since it can be 
found in the bile in higher concentration than in the blood 
stream. None has been demonstrated in the gastric juice. 

Intrathecal Injection: ^Vith regard to the intrathecal injec- 
tion of penicillin, in normal subjects the substance is slowly 
absorbed and slowly excreted in the urine following the injec- 
tion of 5000 or 10,000 Oxford units.® It may be detected in the 
spinal fluid for at least 31.5 hours after the injection of 10,000 
Oxford units. There is some evidence that penicillin is slightly 
irritating to the normal meninges, and the injection of 10,000 
Oxford units into the subarachnoid space may be followed by 
headache, vomiting, increased intrathecal pressure, and pleo- 
cytosis in the spinal fluid. Smaller amounts cause less intense 
symptoms. 

In patients with meningitis, absorption of penicillin from the 
intrathecal space is more rapid than in normal subjects, and a 
greater amount of that injection is excreted in the urine. Pen- 
icillin can be detected in the spinal fluid 24 hours after its 
injection. 

IVe have been unable to detect penicillin in the cerebrospinal 
fluid after intravenous or intramuscular injection; for this rea- 
son it is well, for the time being at least, to use penicillin both 
intravenously and intrathecally in the treatment of meningitis. 

Penicillin-resistant Strains: It has been demonstrated by 
Rammelkamp and ISfaxon^ that various freshly isolated strains 
of Staph, aureus \'ary' only slightly in their susceptibility to the 
antibacterial action of penicillin. "WTien, however, a given strain 
of Staph, aureus was grown in increasing concentrations of 
penicillin over a long period of tirae, it was possible to make 
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the organism resistant. These investigators rvere also able to 
demonstrate tliat an increase in the resistance of Staph, aureus 
may also occur during the course of penicillin therapy for local- 
ized infections in man. 

It has been sliotvn* that strains of pneumococci, staphylococci, 
and hemolytic streptococci may he made resistant to penicillin 
by exposing them to it continuously for a long period of time 
botii in vitro and in vivo. It is of considerable interest that 
penicillin-fast strains of pneumococci are susceptible to the 
sulfonamides and that sulfonamide-resistant strains of j)neuino- 
cocci are susceptible to penicillin. Moreover, McKcc and Houck” 
have shown that an increase in the resistance of organisms to 
penicillin is associated with a projiortional loss of virulence, an 
observation that is in striking contrast to the retention of viru- 
lence by sulfonamide-resistant cultures. 

Obviously, more information h needed concerning penicillin- 
resistant strains and their mode of production, since it may aid 
one in interpreting tlie clinical results or failure. It should he 
reSmphasi/ed that, once a strain increases in resistance it loses 
its virulence and seems to be changed perm.anenily as far as 
penicillin is concerned, bnt it remains susceptible to the sulfon- 
amides. Also resistance is produced only after continuous e.x- 
posiire to the action of penicillin. 

Method of Preparing Penidllln for Treatment: Penicillin 
is supplied in ampules of 5000 units, 10,000 units, 25,000 units, 
100,000 units, and 1,000,000 units As penicillin is extremely 
soluble, it may he dissolved in small amounts of sterile, distilled, 
p)Togcn-free water, in sterile isoionicsohnion of sodium chloride, 
or in five per cent dextrose solution. When large unit sizes are 
being used in hospitals, the contents of the ampule should be 
dissolved in water or saline solution so that the final concentra 
tion is 5000 units per cubic centimeter. This solution should 
be stored under aseptic precautions in an ice box and made up 
freshly every day. Solutions for local or parenteral use may be 
diluted further, depending on the conccniration desired. 
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A. For intravenous injeetton: 

1. The dry po^vder may be dissohed in sterile isotonic solution ol 

sodium chloride in concentraiiom of 1000 to 5000 xinits per aibic 
centimeter for direct injection tlirough a syniige. 

2. The dry ponder may be dissolsed sn sterile saline solution or fiie 

per cent dextrose solution in loirer dilution (25 to 50 units per 
cubic centimeter) tor constant intravenous therapy. 

B For intramuscular injection: 

1. The total volume of injections should be small; that is, 5000 units 
per cubic centimeter of isotonic solution of sodium chloride. 

C. for topical application' 

1. The powdered form of the sodium salt is irritating to wound 

surfaces and should not be used. 

2. Solutions in isotoitic solution of sodium chloride with a concentra- 

tion of 250 units per cubic cenuraeter are satisfactory For 
resistant or more intense infections this concentration may be 
inaeased to 500 units. 

Toxicity and Reactions 

One of the remarkable features of penicillin is its relatitely 
low toxicity and the extremely low incidence of a systemic nature. 
This is all the more remarkable in view of the fact that the ma- 
terial that is available for clinical testing at present is perhaps 
not more than 10 to 15 per cent pure penicillin. 

Chills and Fever; These were recorded in 12 cases and fever 
in 5. In several it was difficult to attribute these reactions to the 
penicillin, since chills and irregular fever were present before 
treatment was started and they continued for a short period 
following treatment. In others, however, it was plain that these 
reactions were definitely related to the injection of penicillin. 
This statement is supported by the observation that the injec- 
tion of 10,000 units of penicillin from some lots caused chills 
and fever, u hereas the injectiem of 5000 units from the same lot 
caused no reaction. These reactions were transitory', and aside 
from the temporary discomfort to the patient they caused no 
difficulty. In a few patients, who were afebrile before treatment 
was begun, low-grade fever v’aryinj from 100® to 101® F. would 
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Tablt I — Detailed Sum&iarv or 500 Cases 


Diagnaiii 


Rtcmrrj er 
Im/ireu- 

Dfatfi 

A'». 

Ffftil 

Staphylococcus aureus infection: 





With bacteremia: 





Sepsis without obvious port of entry* 

10 

9 


1 

Acute osteomyelitis. 

22 

IS 

1 2 

2 

Pyelonephritis 

5 

2 

1 3 


Infections of stun and subcutaneous tissues. 





including carbuncles, fumncles and eel- 





luiitis 

1 

30 



Thrombophlebitis with or without pul- 





monary embolism 

1 3 


' 


Bums 

5 

2 

, 3 1 


Pneumonia 

5 

3 

! 2 i 


Arthritis 

1 

1 

1 


Subaraclmoid abscess 

1 

1 



Meningitis 

2 

I 

1 1 


Cavernous rinus thrombosis 

2 

1 

1 


Pwwpetativc wound infecuon 


1 

2 


Epidural abscess 

• 2 

2 



Orbital cellulitis 

[ 1 

1 



Esdocarditls 

9 


<1 


Paasinusitis. 

1 

1 

1 


Diucctiog aneurysm of aorta 

1 1 


1 


Cancer of rectum 

1 


1 ■ 


Uremia from tulfadiiuine 

1 1 


J 1 

I 

Aplastic anemia. 

I 2 



1 

Multiple abscesses 

1 a 

1 


1 ^ ' 

1 

Totals.. . 

1 91 

54 ^ 

34 

1 3 

\Mthoui bacteremia 





OsteomyeLtiS. 

55 1 

43 


; 1 

Empyema... . 

9 1 



, 1 

Postpartum sepsis . 

2 1 




Infections of the slun and fubcuianeous 





tissues .... 

23 ! 

19 


4 

I.aryngoiracbettis 

' 

I 



Brain abscess. . 

3 1 




Bums. . . 

9 1 

5 

4 


Mastitis. . 

5 

S 

1 • 


Pneumonia. . 

3 




Lung abscess. . . . . 

3 

2 



Wound infection. 

1 

1 



ParoUtis 

1 

1 



Epidural abscess 

1 

* ' 
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Table 1 — Continued 


Diagnoxxi 

jVo ef 

Recovery or 
Intprove- 

Death 

A'o 

Efett 

^S'ifhout hactcreraia (Cm/isuaJ) 





Postoperative infection. 

4 

3 


1 

Abscess, 1 case each (neck, abdominal wall, | 





throat, right lower t^uadrant of aE>do* : 





men, retroperitoneum mouth, submen* ; 





turn, cheek, scalp) . . I 

9 

6 


3 

Arthritis . j 

1 

1 



Recticulum cell carcinoma. j 

1 


J 


MeningiUs 

3 

1 

2 


Prostatitis 

2 

2 



Totals 

137 

J09 

11 

16 

Streptococcic infections other than bacterial 1 





endocardiiu: 





Hemolytic streptococcus (25 cases): 





Postabortum lepsu . . 

1 

1 



Bacteremia with meningitis 

t 

1 



Conjunctivitis I 

1 

1 



Osteomyelitis of spine. 

2 

2 



Mastoiditis with bacteremia 

1 

1 



Ulcer of skin ; 

3 

2 


1 

Mieroaerophilic ulcers of skm. 

1 



1 

Multiple abscesses of skin. 

1 

1 



Skin infection and subphremc abscess. ; 

1 


1 


Empyema .... i 

2 

2 



Mastcaditis and pericarditis. 1 

1 

1 



Abscess of axilia. 

1 

\ 



Fost'tonsiClitis sepsis. 

2 


2 


Qrrhotis of liver. . 

1 


1 


Meiungitis 1 

2 


2 


Chrome nephritis. I 

1 


1 ' 


Carrier. . . j 

1 




Nonhemolytic streptococcus (4 cases): j 





Pyelonephritis with endocarditis 1 

1 

1 

1 

1 

Brain abscess . j 

2 


i 2 ! 


Multiple afejcejsw . . ■ 

i 


J 


Anaerobic streptococcus {$ cases}: ) 





Septic abortion * *1 

5 

3 

2 


Skull fracture, meningitis 1 

1 

1 



Totals .. . 1 

33 

17 

12 

4 
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Table I — Continued 


Diagnasis | 

Catft 

Iinf'roce- 

Death 

Xo 

Effect 

Pneumococcjc Infccivons ^ 





Pneumonia I 

42 : 

35 

6 

] 

Mcningiiis 

21 

7 

14 


Ntcningiiis with endocarditis ' 

2 


2 


Endocarditis , 

5 , 

1 

S 


Pcricardius ' 

1 ' 


1 


Pneumonia tvith empyeroa 

2 


1 

I 

Empyema 

1 ^ 

2 



Totals 1 

1 76 , 

•ts 

29 

2 

Gonococcic infecttons 1 

[ 129 ! 

120* 



Mcmngcicoceic infections 

S 

4 

1 1 


Subacute baetertal endocarditis ' 

1 17 

3 

4 


Nfiscellaneous infections' 

1 




Atypical pneumotna 

1 



1 

Moniliasis 1 

1 1 



1 

Agranulocytosis | 

t ' 

1 1 



^^lcrococcl1l tetragenus sepsis i 


1 



Ulcerative colitis i 

1 1 

I 



Actinomycosis , 

3 

1 

2 


Micrococcus auranocus sepsu . 

1 



1 

Escherichu coif'— nonhemolytic streptococcus 





abscesses | 

i 



1 

Sobscaptilar abscess — mixed in/eciioo i 

I 

1 



Putrid abscess 1 

I 


1 


Totals j 

.2 1 

5 

3 1 

i 

4 


• Tour of these cases showed only temporary icnprovement. 


occasionally occur and Iasi for several days. This was notue- 
able particularly in those patients who were receiving penicillin 
in large amounts continuously. 

Urticaria: Uriicariai eruptions were repoitert rn 14 rases. 
Tlieir cause remains obscure, since m some of the cases the 
urticaria did not appear for several days after penicillin was 
discontinued, in others it did not recur when penicillin was 
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again injected, and in still others it developed during the exhibi- 
tion of it. Whether these reactions are due to some impurity 
in the penicillin cannot be stated at present. In several cases in 
w’hich penicillin has been given after an attack of urticaria there 
have been no signs of recurrence. The urticaria usually disap- 
pears temporarily following the injection of epinephrine. 

Thrombophlebitis: This complication at the site of injection 
was recorded in 19 cases. It has been noted with certain lots of 
material and is likely to occur when injections are made repeat- 
edly and ivhen concentrated solutions are used. There is also 
some individual susceptibility to thrombophlebitis, since in 
several of the reported cases penicillin from the same lot injected 
into one patient would be followed by thrombophlebitis, whereas 
it would cause no reaction in a second patient. Pain along the 
course of the vein during the injection of material has been 
complained of by some patients. 

Miscellaneous Complaints: Transitory attacks of throbbing 
pain in the head, flushing of the face, tingling in the testes, pains 
in the muscles, and constriction in the chest ha\e been observed. 
All these complaints last only a few minutes and disappear spon- 
taneously. It has been found that some impurity carried over 
from the extraction process used to remove pyrogens was respon- 
sible for these reactions. Passing the solutions through a Seitz 
filter removed the substances, and recent lots of penicillin have 
not caused these reactions. 

Aside from the patients who developed urticaria, there has 
been none who has developed any signs of sensitivity to peni- 
cillin. Many patients have received several prolonged courses 
of penicillin at varying intervals of time, and in none of them 
so far Jiave any reactions been observed to a second or even a 
third course of treatment. 
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Index to Sulfonamide Therapy 


»ACE 

Abdominal surgery, sulfonamides in, 

57. 126. 156 

Abscesses . , 97 

Abscess formation from implantation 
of siiHathiazole or sulfadiazine. 101 
Absorption of the suironamidcs .12. 16 
Acet}la(ion of the sulfonamides. 16.21 
Acidosis as a toxic manifestation of 
sulfonamide therapy . . 60. 182 

Acrodermatitis of Hallopcau ..173 

Adhesion formation, reduction of. 

sviih sulfanilamide ilietapy 98 

Afranulocytosuasa toxic mamfesia 
tion of sulfonamide therapy .60. 70 
Aircraft pilots and sulfonamide ad 
lamlstration .65 

Alkallniration of unne to present 
oyitalluria SS 

Anaphylactic reactions of suffona- 
mides . . . 79 

Anemia as a toxic matufesution of 
sulfonamide therapy 6. 60 

An^na.Ludtvig's . 225 

AntipyTCtic effects of the sulfona 
mides . . . 22 

Anuna as a complication of suifona 
midc therapy . . -.59 

from sulfadiaitne . . 61 

Appendicitis . . . . .97 

Arthritis as a toxic manifestation of 
sulfonamide therapy 60 

AKi'tes and splenomegaly as toxic 
manifestations of sulfonamide 

therapy . . .60 

Atelectasis 103 

Atypicai pneumonia 9 

Azosuifamide 

in Ludu ig’s angina . .. 225 

in lymphogranuloma inguinale. .235 
in ulceratnecohm 327 


Bacillary dysentery 36. 126, 184 

Bacteremia .... . ...127 

Bactenosjalic elfect of the sulfona- 
mides . 16 

Bedside test Cor sulfonamides 91 

RIephariits . 263 

Stood cnntriitrations of ihe sulfona 
midesdeemedadiivible 23 

Blood platelets, effect of sulfona- 
mides on 06 

Boils 175. 220 

Breast milk, elimination of sulfona- 
mides >n 127 

BronOmis 9, 128 

Bronchopneumonia 6, 106 

also see Respiraion mfenitins 309 

Brnccllosis 106 

Butxinic plague 231 

Bubo, strumous 226 

Bunts .108 


Calculi, renal, as a complication of 


sulfonamide therapy 59 

Carbuncle . . 116, 175 

Casemous sinus thrombosis .278 

Cellulitis . 167 

oibital .265 

Chancroid . -116 

prophylaxis 116 

treatment . .117 

Chemotherapeutic membranes, pre- 
formed hydrated, in tnatmeni 
of bums .. Ill 

Children's diseases 119 

Cholera . . ..155 

Colicfs, ulcerarise 526 

Colonic siirgery 156 

Common cold . .6, 161 

also see Respiratory infections 309 
Compound fractures 209 
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PACF 


PAf.J 


Conccniratiotis, o( sttUniu 

midcs clceimtl atlnsalile . 21 

Conjunclhiiis 2j*>. 2r>l 

Si a io\ic maiiifntjtion nf au] 
twnainWtt Ihctaj^^ . . .60 

Corneal ulcers ... . 203 

Cor^ra . 8 

also sec Kcapirninr) inFcrtions . SO*? 
Crjslal forni.mon m itnne. presen 
lion of. .. . 19.35 

Cyanosis as a toxic nianifestalion uf 
sulfonamide ilierapy flO 

Dacrjocystiiis ... 261 

Deaths From siiUonamidc ilierap) 81 
Denmiiiis herpetiformis . .1/1 

as .a toxic maiiifcscatiort of sulFona- 
midc ihcrapy W>. 171 

Dermatology . 162 

DcrmaitnitynsUts . 171 

Dermatosis, pjogeme 173 

Uialscict meUitus. chentothenpy m 182 
Diarrhea • 121 

lliffiisinn >n Fluid and tissue of the 
sulfonamides ... 16 

Diphtheria . . 130 

Uiulncts as a toxic manifetaiion of 
sulfonamide ilienpy 60 

Dosage of the sulfonamides 22. 21 
for children ... 120 

ill dermatology 167 

of sucdn)Isiilfaihi3zoIe 167 

Drug fescr as a toxic manifestation 
of sulfonamide therapy ... .60 

Dysentery, bacillary ., . .36,126. 181 

Ecihcma as a tirsic manlfvsiaiiun of 
sulfonamitic therapy . . 76 
Empyema . . . .150, 196 

Endocarditis 

pncumococcic . . 197 

subacute bictcrial 6,130 

Endophlhslmiiis ... .. 265 

Epidemic keraiofonjimctisiiis 267 


Erysipelas .132, 167. 207 

of ilie eye . . . . 263 

1 r)si|ie1f>iil 167 

Rosenbach’s ... 168 

iTythcmamiiltifonne .171 

FrMhema nodosum . ...171 

Extretionof thesulfcnanudes.lS, 16, 18 

“Fastness’ ... 53 

FaUfities from sulfonamide therapy 81 
Fesec as a toxic manifestation of sul- 
fonamide therapy ... . 5, 75 

due to sulfadiarinc iu pneumonia 203 
Fllariatis . 209 

Flexnerdyscntcry . 36, 191 

Fluids, forcing of. to present renal 
complicaiioiis in sulfonamide 
therapy . . 50, 215 

Formulae, sinirliiral, of the stilfoiu 
mides 12 

Fourth lencTciI disease 226 

Fmiurcs 209 

Frei test for Jympliogranuloma sene 
lewm . 229 

ruruiinilosis 173. 210 

Fusospirochetal Infections of mouth 
ami throat . 319 

Gas pngrrnc 210 

Gingivitis • 319 

Clomeiiiloiicphritis .. 257 

Gonococcal infections in ihildreii 132 

Cortorrhea 212 

in the female 217 

local use of tulfathi.irolc 218 

oral sulfathiarole prophylaxis 215 

present status of therapy. . 219 

prophylactic treatment of tinl>orii 
baby . 22 

sulfonamide-resistant gonnrriica 216 

untoward reactions 213 

GoRorrlieal ophthalmia 263 

Granulopenia as a inxic manifrsia 
tion of sulfonamide therapy 60 
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PACE 

Hallopeau's acrodermatitis . . .173 

Hapten function of sulfonamides . 79 
Headache as a toxic manifestation of 
sulfonamide therapy ... .60 

Head injuries in uar .. 220 

Hematuria as a toxic manifestation 
of sulfonamide therapy . 5. 60 
due to sulfadiazine 61 

Hemoljtic anemia as a toxic mani- 
festation of sulfonamide ther- 
apy 5, 60 

Hemostasis by sulfonamides. 57 

Hepatic damage from sulfonamide 

therapy ... .80 

Hepatitis as a toxic manifestation of 
sulfonamide therapy . . 5, 60 

Ifepatomegaly and ascites as toxic 
manifestations of sulfonamide 

therapy 60 

HidroadeniiJs suppurativa . 170 

Hordeolum, see Stye , 261, 317 

HYpenmsUitIty ea salfonaatldes. . 75 
Hypodermoclysis, method of admin- 
istering sulfonamides by .. 44. 121 

Impetigo contagiosa . . 173 

Infantile paralysis .... . .6 

Infectious mononucleosis . . 6 

Influenza g, 9, 221 

also see Respiratory infections 309 
Influenzal meningitis . . . 135 

Intestinal obstruction from implan- 
tation of sulfathiazole 102 

Intrapcritoneal use of sulfanilamide 97 
Intratubular obstruction in sulfona- 
mide administration 63 

Intravenous dosage of the sulfona- 
mides . . . 26. 121 

Iridoq'ditis . 263 

Irritating local effects of the sulfona- 
mides lOI 

Jaundice as a toxic manifestation of 
sulfonamide therapy. .5, 60, 80. 97 


FACE 

Keratoconjunctivitis, epidemic .267 
Keratoderma blenorrhagicum . . 171 

Kidney complications from sulfona- 
mide therapy ..59 

caused by sulfadiazine . . .291 

Leukopenia as a toxic manifestation 
of sulfonamide therapy • 5, 60 
Leukopenia, malignant ... .221 

Lignin test for sulfonamides 89 

Liver damage as a toxic manifesta. 

lion of sulfonamide therapy. .5, 80 
Loral use of the sulfonamides. 53.97 
In dermatology . 162 

Ludnig's angina . 225 

Lupus eryihematosus 168 

Lympbangiiis 167 

Lymphognnuloma venereum 226 
ophthalmitis . 261 

Lymphopathia venereum 226 

Malignant leukopenia .221 

Marshall s test for sulfanilamide 93 

Masioidnis 148, 236 

Measles, prophylactic use of sulfona 
nudes against pneumonia 149 

Meningitis 132 

Influcnral meningms 54, 135 

mcningococcic meningitis 153 

pneumococcal meningitis -153 

streptococcic meningitis 157 

toiuU meningitis 157 

Meningococcic infections 215 

Menial confusion in sulfonamide ad 
ministration . 61 

Methyhulfadiazine, see Sulfamera- 
zlite ..... 31 

Microcrystalline sulfathiazole 173 

.Military medccine 219 

&filk, breast, elimination of sutfona- 

mides in 127 

Mode of action of the sulfonamides 37 
Molluscum contagiosum -265 

Mononucleosis, infectious . ■ 6 

Mortality from sulfonamide therapy 81 
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PACK 

Nasal iherapy . . 253 

Nausea as a toxic tnanifestalion of 
JuKonamiile ihciapy 5, 60 

Nephritis ... . ^7 

Neuritis as a toxic mamfcsuiiion of 
sulfonamide therapy . 60 

Oil suspension of sulfonamides 66 

Oliguria as a toxic manifestation of 
sulfonairiKle therapy 5. 62 

Ophthalmia, gonococcal 132. 263 

Ophthalmitis. l)mpliogranulamj \e- 
ncreiim 264 

Ophthalmology 259 

Orbital eellultlis . 265 

Orthopedic surgery 267 

Ostconvyeliti* . 157 

also see Orihopethc siirgm 267 

Otitis meslia 142 

Otolaryngology 277 

ranophtlialmiiis . 266 

raraamlnohentcnc tuUanamKie. see 
SuUidiaeine 

r.ira.lminobenroie acid, theory of 
action 37 

Parenicral use of the sulfonamides, 

26. -H 

Parrot fever, see Psittacosis 305 

Pediatrics .... 119 

Pemphigus 158 

rcnicillin 313 

in gonorrhea 216 

rcricarditis, streptococcic 279 

rerifolliculiiis, sec Stye 261, 517 

Peritonitis . .. .97. H9 

Pertussis, prophylactic use of sul- 
fonamides against pneumniMa,.149 
Petrohtum liquid, interference isith 
antibarlerial action of iiircinyl- 


sulfaihiazole ... 38 

Pharmacology of the swUonamWe*. 11 

Pharyngitis .8 

also see Respiratorv infections. 309 
Phthalylsulfaihiarole . 40 


. rscz 

niou of aircraft and sulfonamide 

administration 63 

Pliccnta acacta 280 

Placental transmission of the sul- 
fonamides 20 

Pbpic 281 

Platelets of blood, effect of sulfana- 
mides on . ... .66 

Pneumococcal meningitis . 135 

Pneumococcic endocarditis .197 

Pneumocoede pneumonia 233 

complication) . .. ..288 

management of . . . 205 

contraindications to lulfadntine 
therapy . 295 

deaths. ... 301 

f.iclors influencing mortality... 302 
lalmratory procedures 297 

mortality rates, incidence of com- 
pilations, and mituence of 
treatment on course of the 
disease . 233 

pharmacDlogic behavior of sul 
fooamidcs ... 281 

routine management 285 

adequate chemotherapy . 287 

sulfamerarme in . . 31 

toxic eitecis of the sulfonamides .281 
incidence of 300 

type specific serum 296 

Pnciimonla . ■ .149 

Pneumonic plague 281 

roliomyelltis 6 

Ptomin in tuberculosis 320 

Psittacosis . ■ 305 

Psychoses as toxic manifestations of 
sulfonamide therapy 60 

due to sulfadiazine in pneiimonn.293 
Puerperal infection 305 

Purpura, thrombocytopenic, as a 
toxic manifestation of sul- 
fonamide therapy . 60 

Pus. antisulfonamidc action over 
come by frequent cleansing 103 
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FACE 


PACE 


Pyelitis, radiopaque membranous, in 
sulfonamide administration . Cl 

Pjoderma .173 

pn^enosum . . . .169 

Pyogenic dermatosis 173 

I'juna . ..151 

Rabies 6 

Radiopaque membranous pyelitis in 
sulfonamide administration . 61 
Rectal administration of sulfapyti- 
dine ... . .123 

Renal calculi as a complication of 

sulfonamide administration 59 

caused by sulfadiazine 291 

Renal excretion of the sulfonamides 21 
Repeated administration of sulfona- 
mides to children. . 127 

Resistance to sulfonamides 53 

Rnpiratory infections 6, 309 

Rheumatic fever ... 6. 150 

Rickettsial disease . C 

Rosenbach's erysipeloid . 166 

Saliqazosulfapyridine in ulccraiue 

colitis .327 

Salpingitis .... . .312 

Scailetfcscr 6,152 

Sclen'tis as a toxic manifestation of 

sulfonamide therapy 60 

Seasonal influence on sulfonamide 
administration .... .64 

Sensitivity to sulfonamides .8, 78 
in children . . . .127 

Septicemia 317 
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